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PREFACE. 


When about to treat of Indian crops I had no 
idea of teaching the raiyat the business handed down 
to him through thousands of years of practical agri- 
culture. To preach dryfarming to men to whom it 
was a hoary tradition when Englishmen used paint 
instead of clothing did not appear to me the surest 
way to gain the confidence of the Kunbi, nor did I 
consider it wise to suggest seed selection in a land 
where 4,000 different sorts of paddy are grown in one 
province alone, and carefully differentiated accord- 
ing to their qualities and the laud suitable for them. 
Even the modern plough has not been considered 
by me an essential in the improvement of Indian 
farming. What did particularly strike me was the 
difference in the returns per acre in this land and in 
Europe and America. In so new a country as the 
United States it was soon felt that the crops were 
not such as might .be obtained from the soil, with 
the result that manuring was resorted to. Natural 
manure, such as cattle dung, was used where obtain- 
able and artificial fcrtili/iCrs resorted to when the 
first proved insufficient, ft is an acknowledged fact 
that India has been longer under cultivation than 
Europe, and that, at the present day, scarcely any 
cattle dung can be spared here for land not under 
garden cultivation. It is also admitted that the 
revival of agriculture in Euroi)e and the great 
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inca’caso ot harvests there are duo to the extended 
use of fertilizers and the e()nse(jU(‘nt spread of 
intensive culture. To bring this lionio to the raiyat 
was rny intention, and T hope T liave succeeded to a 
certain extent. But, as in Europe, little could be 
done by thc^ poor peasant befon? he had lea,rnt to 
co-operate, :ind niy first pafnphl(‘t, Th ‘ Bevival of 
Agriculture ”, naturally dealt with this. “ The 
Value of Manur('s” followed. It was dedicated to 
H. H. the Maharajah of Baroda, who very kindly 
ordered the translation into Guzerati of Jiiy booklets 
on agricultural subjects. Then followed “ Sugarcane 
treated from the Maniiria! Point of View ” and “Bice 
and Coconut”. As I had by }ue lor sometime a 
few notes concerning the fertilization of “ Tea and 
Coffee ”, 1 thought it advisabh' to publish them, 
together with some words on “ Tobacco (Joining 
hack to crops more} generally grown, I sent some 
articles to the “ Sou/h Indian i/a/7” on “ Wheat”, 
Cotton ”, “ Potatoes ” and “ Onions ” and prefaced 
these by a litth^ tr(‘atis(' (uititled “ First Lessons in 
Agriculture", whicli the hklitor has very kindly 
allowed me to publish in this volume Messrs. 
Higginbotham & Co. were under the inipn^ssion that 
I shoidd meet a larger circle of readers, if tlu'se 
smaller publications wau’o collected and presented in 
book form: 1 have aimed at ))lacing before the 
Indian landowner what has hoen done in other 
countries and w'hat may be acconiplished in India 
by t.o operatioii and intensive , culture, J may 
not have an ojiportiinity of com])leting the three 
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volumes I had in mind dealing with the chief Indian 
crops and the manures necessary to bring about 
harvests more nearly approaching those obtained in 
other lauds. It will consecjuentl'^’ be a pleasure to 
me to lear]i that someone else lias undertaken to 
follow u[) this subject and treat the many Indian 
crops from tlie same point of view. Mr. N. C. 
Kelkar. n.A., ll b ., the Editor of “ Mdhrafta'' and 
the “ KrHnri''^ has promised me a Marathi Edition 
of the present Volume while Mr. Simdram Iyer of 
Madura will ho responsible for the Tamil rendering 
of the same A (kinari‘sc Edition will be taken in 
hand by Mr. 1>. H. (ioude- These (lentleinen have 
placed me under a deep debt of gratitude for their 
gcMiei^ous and timely assistance. It will give me 
tlie gieatest |)leasure, and more than recompense 
me for niy labour, to lea.rn that this an’d similar 
volumes have found their way into the homes of the 
peasants, translat'd into the various vermuuilars of 
the country. 


JOHN KENNY, ‘ 

Potaia, 




PREFACE TO THE SECOND EDITION. 


A WORK on agriculture appearing in English 
makes its way slowly to the public in India ; but I 
have found the peasants anxious to read almost 
anything, in their own vernaculars, which deals 
with their crops, and the willingness of the raiyats 
of these Dominions to profit by successful demon- 
strations confirms the high opinion I have always 
held of their readiness to reap the benefit of solid 
improvements. 

Even in the matter of Co-operative Banks their 
quick grasp of the principles is remarkable. The 
pity of jit is that we wish to introduce co-operation 
where it is not needed and thus delay progress. 
Provided the rate of interest is kept at a low level 
by Government and rules n.ade concerning invest- 
ments, there is no reason why the sources of supply 
of necessary capital for the lending body or Central 
Bank should be checked. Many more prosperous 
institutions would spread over the land if the 
number of shares were not restricted and many 
more Village Societies would be in full swing. If 
the Central Banks lent at and the Village 
Associations charged 12t, to their members, the 

profit might serve to purchase shares in the 
Central Bank and give the villagers, in course of 
time, a weighty voice in the management of the 
Central Banks, and, on the sale of these shares, 
render the Village Banks independent concerns. 
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I regret that the translations of this book that 
wore to have been made have either not been 
undertaken or are not yet completed. 

It is a pleasure to learn that so many opinions 
expressed in the first edition have been confirmed 
by Mr. James MacKenna, m.a , I.C.S., in his work 
“ Agriculture in India ” just issued. It appears to 
be recognized now that the young men coming out 
to “ teach ” the Indian peasant will succeed only 
when they have ascertained first how much they 
themselves have to learn of the agriculture of the 
country. 

And here 1 must thank my publishers, Messrs. 
Higginbothams M., for their public spirit. They 
risk the .chances of loss in the interests of the 
Indian' laiviit. 


HvDKKAii.in. Deccan, | 
I9h!. ) 


JOHN KENNY. 
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THE ReVivAU OF AGRieUtJjllRE IN INDIA. 


A few years ago, t'ollowJ-Ug the lead of Ceylon, a 
number of Agricultural Associations were started in the 
Southern Presidency, with a Central Committee at 
Madras. Tiiey were active in the ex(^cutioii ol tlieir 
self-imposed task, and similar institutions soon aros(‘ in 
(iilTeient parts of India to follow their example. But, 
whendhe hi\st fervour had somewhat subsided, those, who 
took upon themselves the duty of endeavouring to benefit 
th(^ people by improvements in Agriculture, began to be 
appalled by th(' Herculean labour before them. To raise 
an inert mass, to change the tenor of lih* of over MOO 
millions of human b(dngs, who for thousands of years 
have mov(Hl inort', or loss in the same groove, seemed 
woi’si'. than foolhardy — it appeared next door to absolute 
lunacy. The people themselves did not want bhe change. 
Tlui motive; power arose from men who were not 
agriculturists, and was opposed by the inertia of an 
immense population. Everything consequently pointed 
t(j the hopelessness of all endeavour. Added to this, the 
most unpractical methods were often resorted to, in 
order to impress upon the peasants the pf'culiar views 
of the various members of th(^ s(;v(;lmI assoeiations. 

In some places “Improved Lrrigati(>n " was tlie i-ry 
rais(;d, and oil engines and pumps were considered the 
royal road to fortune; in otheis, iron ploughs were the 
instruments to which would-be refonmns nailed their 
faith ; whilst a number, again, seemeil to tliink the Indian 
farmer did not know the practical part of his business, 
and required instruction on the subject from men imbu- 
ed with western science. 



At this juncture the Central Agricultural Committee 
of Madras forwarded to tlie President of each Agricultural 
Association with wliich they were connected a volume 
entitled “ Phe Organization of Agriculture” by Pratt. 
No h(d,t(?r work could have been issued to meet the 
exigencies of Indian Agriculture. Unfortunately it was 
read l)y hwv, and inisread by a number of these. Co- 
operative Credit Societies were now' declared a veritable^ 
panacc'a. 

In ev(U-y diriadaon imitations of a sort W('i’e put on 
foot of tht' Railleisen banks that arc spread ovtu- Imirope, 
and (loverunu'ut veiy kindly came forward witli loans to 
aid ili(^ }>anks to the extent of their subscribfMl capital. 
Tlui most impoitiint factor in tlu' Uaiffeisen l)anks was, 
however, omitb'd. The security taken was tliat of the 
individuals and not the ))roporty of the whol(‘ village, or 
all the members t)f the Society, and the Central Bank, the 
very foundation of an (^\tend('d co-operative credit, left 
out of (consideration. 

' l^ratt's voiiinu' is rather bulky, and contains much 
that may not lie applicahh' to Fndia. The memhc.rs of 
Agi-ieulturai Associations are busy men, wlio have not 
much time to devot('. to tlu^ study of woiks by lMir()p(xui 
autliors, or to tlu^ real wants of Cie farmers of the eounti-y, 
and it may be useful to lav stress on tliose pages in the 
“ Organization of Agriculture” wdiich can be a]ipli(id to 
this land, pointing (_)nt, in as few words as possible, the 
joundations, already existing in India, upon which a 
great supers tincture may one day be built. As in Kurope 
the begimiings were small of the great Co-operative 
Credit Societies that spread a net-work over the whole 
continent, so in India the poor village partnerships that 
already exist and the small unions for common objects 
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that can b(3 ti*acecl back for ages may serve as the nuclei 
of the village banks of tlie future, that will save the 
peasant frojii the sowcar and point the way to prosperity 
and contentment. 

But in ti'eating of the liovival of Agriculturci in this 
country it must bo borne in mind that combination is a 
fiine <]U(i non. Her(' the pessimists come in with tlie 
word “ impossible," without giving a moment’s study to 
the subj('ct. Kven tlie ojitimist admits it will be difficult, 
and with this most reasonable men will agree. No 
success w oi‘th the liaving was ev(‘r easy. But the difficul- 
ti('s ari' by no iiK^aiis so great as they first appear. A 
little study of the* village's and village life in India will 
show so much co-opei'ation existing on a small st^ale, that 
the difficulties to be eiK^ountered need consid(n’ed no 
grcaiter than those met witli in Jmtropi' a lew yt' irs ago. 

Tin* watchwoi’d then must he “ dombint'."* Tt is 
the secret of all suect^ss in Burope, Amerieti and Australia, 
and in India will l)e tlu' hod-rock on which a mighty 
structuia^ will e!'(^ long be (MX‘ct(‘d. 

In ord(n- tliat W(‘ may be toujouraged to undertake so 
colossal a work as that which lies before us, let us study 
the beginnings of similar uudortakiiigs in Buropean 
countries. 

It will 1)0 new to many that the rtmaissauct^ if it 
may be so callerl, of farming in Europe, began- only *25 
or 30 years ago, and that the last eountry to he earrioal 
on by this wave of improvcmieiit was Bngland. . 

It will be still more startling and, let us presume, 
interesting, to watch how from small beginnings great 
associations arose to do good to untold millions. 
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Even in Europe passive resistance to all change was 
at first the rule among the farmers rather than the excep- 
tion, and it was only after it was proved by experience 
that there was a positive gain to the cultivator of the 
land — an immediate and by no means small profit — that 
combinations of individuals in a village led to associa- 
tions that spread over whole countries. 

A glance at co-operative societies in different parts 
of Europe will show difficulties likely to be met with and 
similarly overcome in India. 

Let Uo begin with 

BEfiGlUM. 

A Klcmish farmer at (loor, w'ent one day to the 
parish pri('st M. TAbbe Mellaerts and spoke to him 
about the poor (juality of his crops. The cure had 
studied botany and other kindred subjects at his seminary. 
He had especially followed up tlic question of artificial 
fertffizers, and he had made experiments on his own 
account in the garden of liis house. So lie asked tlie 
farmer ; — “ If I tell you of a remedy, will you use it ” ? 
“ If it is not too dear," was the reply. When the farmer 
called again the Abbe gave him a sack containing 50 
pounds of chemical manures. The farmer was reluctant 
to take it. He liad no confidence in such a inanuro as 
th>i»t because it did not smell strong enough. Were 
those peasants much more advanced than our raiyats ? 
It is not so many years ago that even in Germany a 
common saying of the farmers, a sort of definition of 
fertilizers, ran : — “ Was diingt stinkt ” “ Manures 

stink." Even at the present day the credo of English 
peasants is summed up in the elegant phrase “ Muck, 
muck, and plenty of it.” 
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The question in Europe is where the muck is to 
come from, and, if it be difficult to answer in a land 
where stall-feeding is the rule, what shall we say about 
a country where animals pick up what they can, and 
the droppings, instead of going on to the land, find 
their way to the kitchen. Mais remnons a 7ios moiitons. 
The farmer was induced to try it as an experiment on a 
potato patch with such good results that he went to the 
cure for more. Then several of his neighbours wanted 
supplies as well. Meanwhile the parish priest had been 
reading of what the peasants along the lihine had done 
in the way of forming coiiibinations for the joint purchase 
of agricultural necessaries, and he called a conference of 
members of his ^ock to consider the adoption of a like 
scheme for Goor. His parishioners had no great faith in 
the proposal ; but seven of them put their names down 
as members of a “ Peasants’ Guild to pJeasr Jdni. 
The last four words bring us beneath the Tmlian village 
peepul trc'e. The peasants had no faith in combination 
or co-operation, as is the case in this country, but did not 
care to offend the hurra mheh, and were ready apparently 
to enter upon any scheme, which, in their heart of hearts, 
they considered sheer folly. Hut they soon found that 
they could get their supplies cheaper and of a better 
quality through tiie Guild than they could individually, 
and gradually more members joined. Within the year 
it consiste^l of 100 farmers. Considerations of health 
then compelled M. Mellaerts to remove to Louvain, 
where he became an active writer on agricuhiiral ques- 
tions and an especially earnest advocate of agricultural 
combination. A conference of agriculturists at Louvain, 
organised by M. Mellaerts and others, followed in July 
1890, when it was decided that there ought to be, in 
every commune in the province, an agricultural associa- 
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tion similar to the one at (roor, and that, when formed, 
all of them should be connected with one central body. 
By the following year there were 89 local associations ol* 
different kinds ready for incorporation into an organiza- 
tion, to which the name of “ Bocrenbond ’ or “ Peasants’ 
Union” was given. These local associations increased 
as follows : — 

1898 ... ... ... 180 

1897 ... ... 8PJ 

1900 ... ... ... 450 

representing upwards of ‘it), 000 members and covering 
the Provinct^s of Antwerp, Brabant, and 1 jimbourg. P’be 
fed(‘ ration publishes an Agricultural Review, bolds a 
mimber of conferences and periodical meetings, conducts 
experimental fields, has a central office from which a vast 
amount of gratuitous practical advice is given, eivereises 
a useful intluencc in regard to legislation affecting 
agriculture, and cariles on so big a business in gi’oupirig 
the orders of local associations, tliat it has organized a 
separate section bu* each commodity, set up a mill ot its 
own for tile pieparation of heeding stuffs, and established 
a wholesale warehouse of substantial proportions in the 
City of Antw(’r[), all tin’s being done in a little more than 
tir drr ffcjirs. 

To the original founder of this great federation is 
lurtlu'r due the. introduction and popularization in 
Belgium of Raifleisen Agricultural (h’edit Hanks, of which 
there are' close on *200, witli about 10,000 members, in 
direct conncixion with tlie Boerenbond alone. 

In 1*892, at Ortho, in the north of tlie Province and 
in the (lerinan section of Luxembourg, the first leagues 
or syndicates of peasants were established for the pur- 
chase, in common, of artificial fertilizers and concentrated 
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feeding stuffs for cattle. Experience soon showed the 
valiui of such institutions. The peasants found they 
could buy, at lower prices, products of a superior quality, 
guaranteed by trustworthy analyses against fraud. The 
soil began to produce abundant harvests ; and the cattle, 
better nourished, improved in (luality and gave a richer 
milk. Confidence in the future revived many hitherto 
discouraged cultivators. The result of all this was that 
the people themselves soon asked their pastors to head 
tile movement and create and diiect agricultural associa- 
tions, witli the r<‘sult, that relativ<‘ly to her size, more 
associations have beuui established in Belgium, in the 
interests of agriculture, than in any other country ol 
Miirop(\ 

It is said, with how much truth one cannot t(dl, that 
the Bi'ahmin is losing his hold upon th(' common people. 
U‘ an app(‘al to love of country is not succc^ssful, if the 
cry of ‘ Bande Mataram ' proves uscdcss, may not self- 
inteiH'.st be a spur to th(‘ jiriestly caste to tak(' the lead 
in an agricultural revival that, while beneliting ‘the' 
whole population, once luoi’e firmly place's Ihe.m in the 
position tlu'v held for age's as ruleu’s and guide's of 
Hindustan? Belgium owes its preseuit prosperems 
agriculture te) its educated priests, who directed their 
poor pari'^hieuiers on the reiad to prosperity, and there is 
no re ason why the educated Braltinin shemld mit begin, 
continue, and support a meweinent, tliat will brjnguntold 
ble*ssiiigs te) India’s teeming millie)iis. 

Unfortunately every body wishes to liave the suppoid 
of (xOvernment, with the^ result that little depeiidence is 
plac.eel by the people on their own efforts, anel, as se)oii 
as the prop is withdrawn, the institutions that tottered 
for a time, with a semiblance of life, fall helpless to the 
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^(I’oand — very unnecessary proofs of the law of inertia. 
In Kiirope we have examples of direct (xovernment aid to 
the pe«asant ti eaced with suspicion and ending in failure, 
while th(' combinations started by the fanners themselves 
invariably prospered, and associations for the purchase 
of artificial fertilizers managed to bring under cultivation 
large tracts of land that till then had lain waste and 
could not by other means liavc been inide productive. 

'The (condition of 


ITALY, 

now a model to all lands for its agricultural associations, 
was, a few years ago, sucli, that the changi.' may prove 
a more fitting object lesson to all engaged in the great 
work of bringing about an agriciiltura.! revival in India. 
The peasants of Italy were, perhaps, even worse fitted 
than those of most othtu* countries of Westtu'ii Miirope 
to meet tlu'. crisis that arose when the markets, to v/hich 
they sent their products, began to be flooded with supplies 
from the virgin soils of the New World. Italy had then 
not long attained her national unity, and with it slie had 
inherited a burden of public debts that, poor as she 
was, crippled lier power of action. These were steadily 
increased under the lieavy expenditure necessitated by 
the altered circumstances of her political position. 
flKi burden fell mainly on the cultivators of the soil, 
and of th^^se a large proportion were owners or occupiers 
of bums ol inlini tesimal proportions. There were 
certain districts in which 25 per cent, of the peasants 
had less than a quarter of a.n acre each. In a land as 
poor as India thi^’ stateimmt se(mis incredible, and if the 
Bengali with his three acres and the Deccani with his 
^^ixiind It bard to believe what Pratt states to be an 
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aiidoubted fact, how can we expect the people of Kathia- 
war to admit its truth, when tlieir unit of land measure- 
ment is a Santhi, or 20 acres V Bat, added to all these 
miseries, the curse of India was also heavy on them : they 
were victims of a condition of usury that was little better 
than slavery. Money lenders flourished throughout the 
land, especially in the Northern Provinces, by advancing 
loans to the helpless peasantry at the cruellest rates of 
interest. In these circumstances it was not surprising 
that hundreds of the peasants were sold up lor non- 
payment of debts or of rates and taxes, which did not 
exceed five or six shillings in amount. Translate the 
coinage and anybody hearing of peasants sold up lor 
non-payment of debts or rates and taxes amounting to 
four rupees would be ready to swear tliat the conversation 
tu rill'd upon the poorest parts of India at the present day. 
Whenever an attempt is to be made to raise the Indian 
rai\aL by means successful in Kurope the old -song is 
re-('clioed that West is West and East is East. If over a 
country was on the verge of hopeless ruin, it was ‘the 
Italy of tile time of wliich we speak. If ever a peasantry 
was sunk to the dejiths of poverty and despair it was 
thr* farming class of Italia TJiiita. Yet I taly is a model of 
agriculture to the rest of the world, and the peasants are 
prosperous and happy. India is not steeped in such 
helpless misery as is portrayed above, and why should 
India not follow similar methods to rise from poverty to 
comparative comfort ? In Italy, under the circuinstiinccs 
related, more and more land went ont of cultivation, 
the numbers of the unemployed in the towns became 
swollen by the constant accessions from the rural 
districts, the emigrution of those who despainul of their 
country went on at a greater rate than evi’r, and, if any 
country seemed ill-equipped to meet tlie coming economic 
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struggle for the markets of the world, it was poor Italy. 
There was only one thing to be done. If they were to 
compete with the virgin soils of the new countries that 
poured their cheap produce over Europe, the peasants 
must resort to improved methods of culture, and must 
especially make use of the fertilizers that agricultural 
chemistry was olhu-ing to the world, and of the improved 
forms of agricultural machinery. But to do this meant 
the expenditure of money, and the problem that arose 
was ; “ Kow can the impoverished peasantry obtain the 
iK'cessary cajjital ? 

Tlu'. same two questions require a solution in India 
at tile present day. The land, un manured but regularly 
cropped, is getting poorer day by day. The returns are 
often so low tliat no iuiropean farmer wmuld consider 
the produce worth the labour. Natural manures are not 
to be ]iad,and artificial fertilizers must be used. But where 
is the motKyy to coim' from ? 4hiat (|UOstion was asked in 
I tajy and solved. It rests with India tt) decide whether 
Italvs example can and will btj followed. Signor 
Wallen borg established at Lorregic), near Padna, the first 
ol tliost' Village Banks, whicl) have since so powerfully 
alti^ct<‘(l tile genera! situation. The Village Ihinks iiav(‘ a 
two-fold characUu’. Those known as “ Agrarian Banks " 
are country brandies (in effect) of a People’s Bank or a 
Savings Bank, or, alternatively, are alhliated to soim^ 
central oi'ganization. to which tin; deposits tlnyv receive 
must be forwarded, whereas the “Rural Banks” have 
complete sell -government, and can themselves utilize, 
deposits for the purpose of making advances. In either 
case the Village Banks can draw on the People’s Banks 
or the Savings Banks for tlie funds they may reipiire 
to lend out to their members. The fear that was 
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entertained in the establishment of the People’s Banks 
that the principle of unlimited liability of members would 
be impracticable in Italy was dismissed on the formation 
of the Village Banks, which are mostly based on the 
Kaiffeisen principle, the members of each bank being 
jointly and severally responsible for any default on tlie 
paid of a borrower. The el‘f(‘ct of this arrangement is 
that the Savings Bank or the People’s Bank, which lends 
money to the Village Bank, has good security ; and the 
members of the Village Bank, aware of the risk they i*un, 
are careful to admit as fellow members, and especially 
to make advances to, only such individuals as are known 
to be honest and industrious. A loan would not be made 
outside a Village, where, of course, each resident would 
be known to his neighbours. In this way it was found 
possible to grant loans to men, who, from the point of 
vit^vv of the ordinary bank, had absolutely no ‘ si'xjurity ’ 
to olfer. Mcjral worth, on which nothing could b(i^ raised 
at a People's Bank, was (|uite sullicient at a Village Bank : 
and the losses sustained have, in point of fact, been alto- 
gfdher insignificant. But there were two further steps 
noc('ssary to mak(‘ the system complete, viz., an organiza- 
tion to purchase good qualities at a low price, and the 
best practical advice to be placed at their disposal in the 
laying out of the borrowed money. In Italy an oflicial is 
appointed by a Savings Ikink as a Professor of 
Agriculture, whose function is to watch the progress 
of agriculture in the district. Ho is also the director of 
the l(.)cal agricultural syndicate, so that, when a would-be 
borrower seeks an advance from tlie V^illage Bank, tin* 
professor not only advises the. meinbm’s thereon from an 
agricultural standpoint, (loan.^ hein<j (jranted onhj for 
dqricultural purposes and not for personal usc)^ but he 
arranges for the goods in (juestion to be delivered through 



the syndicate to the bor rower, who himself in no case 
handles the actual money nominally lent him. • 

If all this could be done in the Italy we speak of, 
amongst the poor, down-trodden, Jew-ridden peasants, 
many of whom had no more than a quarter of an acre 
to live on, is there not hope for the Indian raiyat, who 
is certainly far removed from the awful state of misery 
depicted in the pages of Pratt’s volume? Many of the 
circumstances are so similar that the whole chapter 
appears like the history of the most wretched villages in 
the worst States in this country. 

Yet, some years ago, there were already 657 People’s 
Banks with d81,00U memlxu's in the country and a capital 
of P*4,‘i0(),000 and 1,050 Village Banks with 95,000 mem- 
bers and .£‘*25,000 capital, 192 Co-operative Agi'iciiltural 
Associations with 15,000 members whose collective 
piircha.s(‘s amounted to .£800,000 and 750 Co-operative 
Dairies with 87,000 imnnbers and £10,000 capital. 

Small, concrete examples appeal more to the agricul- 
turist than figures and great gmieralizations, and, as in 
all other European countries, we can show such to 
emphasize the progress of the revival, which in Italian 
agriculture, has been called, and rightly so, a resurrection. 
That a greater amount of land has been brought under 
cultivation is shown by the town of Sansevero near 
loggia, where, in a little over 10 years, thanks to the 
I (‘()j)le s Bank, no lewer than 8,000 acres have been 
converted into vineyards. And with this there has been 
a coru^sponding increase p-^r acre,, due to the greater use 
<)f fertilizers, machinery, etc. 

Whenever we see an im])rovement in the agriculture 
ol any country in Europe it is found to be due, primarily, 
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to the introduction of artificial fertilizers, to take the 
place of, or supplement natural manures, and the first 
co-operative societies formed were started witli the 
object of obtaining such fertilizers wholesale, so that 
individual farmers could get tlie best guaranteed article 
at the cheapest price. 

More than ,any other land India requires asso- 
ciations for the above ])urp(jse, for, in many parts 
not a particle of manure, natural or artificial is, for years 
together, placed upon the fields. Is it any worider that 
liarvcsts grow poorm*, and that tlui pe(.>ple become more 
discontented, especially when political wire-pullers put 
the blame for everything, even the ])overty of the 
soil, on the shoulders of the (lovcrnment ? If there is 
to bo a revival of Indian agriculture it must ])cgin with 
aid to thg peasants to purchase manures or artificial 
fertilizers, without which no improvement in the crops 
can possibly l)e expected. 

Deep plougliiiig is much better undcu’stood by the 
natives than agricultural de])artments are awaix* of, or 
will allow ; but the knowledge is also not absent that deep 
ploughing without manuring cannot go on indefinitely 
without resulting in far greater harm to the land by a 
falling off in produce as the years go by. The present 
scratching of the soil is, under present circumstances, the 
most economical, and the peasant knows it full well. 
These are probably h<u;etical statements deserving the 
anatliema of those kuirned ])Oople wlio wish to teacli the 
native bow to till his soil : but enquiry in the villages 
will show tliat the farmer, instead of being ignorant of 
the art that brings liim his daily bread, is led by the 
dictates of true science, whence and how handed down 
it is difficult to tell. Considering the means at his 
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disposal the laiyat is as i tariiicr as you will find 

anywheL*o in the woi’ld, and (lie man who ventured to 
say h(i liad little to teach them in tliis respect would sin 
in the com])any of so i-espeeta])h‘ an a^^ri cultural scientist 
as Dr. Voelcker. 

Of course artificial fertilizers could not be introduced 
all ()V('r tlie country at once. This was not the case in 
Europc'an countries and th<' story of 

IKUil. \\i) 

may theretore be of interest to siu;h as wish to see a 
chan^(^ for the bett< r lu re. In Holland, witli tlie fall in 
the prices of wheat, land was j 4 'oni^f out of cultivation. 
Tlie Stat(^ thet (d'()r(‘ starte<l schools. It this wise measure 
were followed throu<^h(*iit the hni::;!]) and breadth of this 
peninsula the ( lovenuiment would he re, paid manifold. It 
is not a couiso that c'vontually lands the scholav into the 
T3.A,, LIj.Th, paradise that is aimed at in this country, 
nor a Curriculum that, (uidin^ at th(‘ .Matriculation or 
the. Hi^h Scliool h’inal, usIkus tlie happy scholar within 
the blessed portals of ( rovauaiment employ, ddie thri i^ 
K s, to save him from the op)u*(‘ssion of tlie wily sowcir 
by (uiahlin^' him to know how his accounts stand, and.a 
simple hook on llie value of fertilizers ou^hb to meet his 
ne<'ds and enable him to make intelligent usc^ of tlie 
reports of progress arriving fi om otlier parts of the world. 

Till' Dutcli argiK'd that, it tlu; price of the produce 
could not l)e incr(aised, it uiiglit he turned out at a cheap- 
er rat(\ ’or a greater (piantit y fi*om the same area of land 
ought to pay. At the same time other articles might be 
developed. Dairying and i.;.irk(‘t gardening were intelli- 
‘;ently pursued to contend with outsider competition and 
against the high rent of th(^ land so circumscribed in its 
dimensioiig and kept hack by artificial means from the 



<:»rasp of the ocean. The State tanght them how to 
jiianage market gardens in the best manner, and the 
])eople themselves banded together to sell to the best 
advantage by imains of co-operative societies conducted 
along extremely practical lines. The goods of the 
members, before being offered for sah', are inspect('d by 
officers appointc'd for the ])urp()se, and any that are 
i*('garded as below the standard are rejected, whilst those 
tliat ar(i passed are labelled with the tiad('. mark of the 
soeiety. Thus approved ('*f, the produce is offered for 
sale at the society’s mart, the auctioneer ])eing generally 
tli(' president of the lo -al society. Idie. sales are :itt(mded 
by (h'ahus and commission agents from liotterdam, 
Amsterdam, theHiigucg and elsewhere. The goods sold 
are paid for in cash, and the money is distributed weekly 
among the members, each rec(uving the amount for 
which hfs produce has been sold, less a small sum. set 
apart for commission. All that a member is liecjuired to 
pay is an annual subscription of L.s*. Hd. The total sales 
of the Westland 8oci(dy amount to about £50,000 a year, 
mostly fruit, v(n*y essence of tin’s combination is 

not only that the growcu’s get bett(U* j)rice:s, es])ecially in 
dealing with other countries, and not only that (holers 
can buy produce in bulk, but also that the ilailways get 
regular consignnients in car-loads and are able to make 
lower rates than if tliey could only expect irregular lots 
ot comparatively small (piantities. 

There are 11 Agricultural Unions to disseminate 
infoimiation, purchase seeds, manures, and agricultural 
implements, hold agricultural exhibitions, and establish 
Agricultural Credit Banks. 

Unfortunately for us the difficulties of every 
Kuropean country seem to unite in India to deter even 
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the most energetic ot‘ men from the arduous attempt ot 
initiating and fostering the much needed revival of 
agriculture. Yet in many respects European countries 
sii'’‘ei*ed more than India with all its sad experiences. 

The bogey of all reform in India is the marwaree, 
sowcar, money lender, or whateyer name the ne(;essai'V 
evil goes by. But there were money lenders in Europe 
who wer(^ undoubtedly as great sharks as any the l^kast 
can produce. Y(it, in spite of these, agriculture prospered. 
Tlu‘ hisson may he of use to the faint-hearted in India. 

HITNOARY 

is a land whose story ought to be taught to the raiyat 
turned fatalist. In 1S48 the last remains of the feudal 
system disappeared from the country. As soon as tlie 
cultivator had some property, he becamt^ an object of 
interest to the money lenders, wlio were foreign Jews. 
(This looks like the story of our friends from Mar war.) 
They started nn inn, (which the marwaree, be it said to 
his credit, does not do,) and lent money. At a time when 
they knew that the debtor could not possibly return the 
money, they demanded full payment, and got possession 
ot the prop(*rty (again it would be a libel on the Indian 
money lender to c()mparc3 him with the foreign Jtnv 
settled in Hungary), allowed the [)casant to remain on 
tlic farm, made him pay rent for house, land, and the 
hire of ihe oxen, and thus left him barely enough to keep 
alive, while the produce of the farm benefited the money 
lender This system was carried on principally among 
the most uncultured Slavs and lioumaniaus. 

To remedy this state ot* affairs it was absolutely 
uecessary to establish co-operative Banks. Some of the 
difficulties met with in founding these are such as India 
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is likely to encounter, and, were the name of Hungary 
omitted from the narrative, the ruses employed to 
prevent the peasants from shaking off the fetters of the 
money lenders would certiiinly be attributed to the least 
worthy of our Indian Shylocks. Sometimes the money 
lenders deposited heavy sums with the Banks and waited 
till the money was all out in advances, and then withdrew 
the whole sum when it was least convenient tomecit the 
demand, thus gaining their end, viz., the destruction of 
the Bank. In ofie village other tactics were resorted to. 
d’he headers of the movement held a meeting of the 
piuisaiils to induce them to start a Village Co-operative 
Hank, which the central organization would now be able 
to support. The peasants took a tew days to consider 
tho mattcM', They soon gave; a reply in the negative. 
Kn(|uiry ihowed that most of the villagers were indebted 
to a group of money lenders who had set up a local Bank 
of their own and now threatened them that, if iliey agreed 
to the starting of a Co-op(u-ative Credit Bink in tlie place, 
they would call in the whole of the outstanding loans. 
Ihit the propagandists were e([ual to the occasion. They 
obtained from th(i central fund a sum of money sufiicient 
to ])ay olf the debts of the entire village, thus getting the 
peasants effectually out of the grasp of tlic money lenders, 
and they then e-^tablished the Co-operative Credit Bank, 
debiting the peasants with the amount paid on their 
behalf. 

It is not sufiicient to buy the farniei's out of debt. 
The sowcar is app(‘alcd to for seed, oxen, well -digging, 
weeding expenses, etc., in the course of the year. The 
debts might, liere in India, be compounded for a third, ora 
quartei’*of theii* book value, but there must be someone to 
take the place of the money lender, and that some one 
2 
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must be a Village Bank or a Co-operative Association 
which must be able to lean on some Central Bank or 
powerful organization. 

The establishment of a Co-operative Credit Bank in 
Hungary gave sucli a stimulus to the general movement 
that, by the end of 1908, there were about 2,000 local 
Co-operative Credit Banks in the country, and the year’s 
business represented a turnover of some .tO, 000, 000. The 
peasants also gather weekly and add together the quanti- 
ties of feeding stuffs they require, and the local olhcials of 
the Villaje Bank arrange the wliole transaction for the 
peasants, obtaining and distributing the supplies, and 
debiting each purchaser with the amount due from him, 
if he cannot pay at once. Other agricultural necessaries 
are obtained in the same way. 

If amongst the poor Slavs and Roumanians such 
wonderful* changes could be brought about in so short a 
time, is there any reason to despair of India? Of course, 
as long as there is ignorance there will he a certain 
amount of distrust; but, even where, to the majority, 
arithmetical figures are but Egyptian hieroglyphics, a 
jpanch or elected representative society from amongst the 
fai'iners is likely to win their confidence, and it is (piite 
possible that the mere honor of having a representation 
on the Village Bank Committee will induce the peasants 
to have their children taught in primary schools. U nfor- 
tunately in many parts, especially in Native States, it is 
not the children of peasants who attend the school 
specially formed for their benefit, but the shopkeepers and 
sowcars, who fatten on the people, are those who reap the 
benefit, even in education, from the money meant for the 
raiyat. But, once a beginning is made on the lines laid 
down in Hungary, a rapid advance will soon be made. 
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Agricultural Associations spread rapidly through 
Hungary and took their guidance from the National 
Agricultural Society, which advises its members as to the 
kind of produce most likely to find purchasers on the 
inaikets, gives i)ractical guidance with respect to growing, 
packing, and despatching, receives the produce in Buda- 
pest, supervises storage and sale, and remits the money 
obtained by such sale to the producer, less a small charge 
for expenses, its turnover is about i*‘22,000a year. But 
not satisfied with this, new industries were soon set on 
foot or organized for the fii'st time. Throughout the 
country Village Co-operative Stores arose, andBanks, and 
societies for egg-colUiction, dairies, and unions for the 
collection and sale of corn, farmers’ clubs, libraries, 
reading rooms, and model forms. 

Yet,»as a foundation on which to build all these, there 
was less co-operation known among these poor miser- 
able Hungarian peasants than can be found in Indian 
village life at ilie present day. Here, at least, it is nothing 
unusual to lind a combination or five or six villagers to 
grow sugar-cane, that each individually could not attempt, 
nor are we surprised when we see a pan-leaf garden 
divided among three or four owners in no way related. 
When we see a combination to draw a water- race from an 
annually bunded stream it appears (juite in the order of 
things, and co-operation is expected when water is to be 
raised to a height from a low-lying river to irrigate the 
idjacent land. Nor is the (jata or mutual help system 
unknown, for it is very common to find 5 ov 10 raiyats, 
each the owner of a plough, and a pair of bullocks, form 
a club to till one another’s land. None of this was 
to be found in Hungary when the revival began, and 
little of such unions was known amongst farmers 
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in Europe some thirty years ago. Still we hear 
the complaint from those who have no faith in the 
future of Indian agriculture, that the raiyats will never 
be got to combine. In every village, a little study will 
show co-operation of a sort carried on for ages, and 
the whole of Kathiawar is known for its Zampli or village 
fund to pay certain expenses common to the inhabitants. 
India will soon learn what Hungary learnt. Experience 
has taught the farmers that, as long as each relied on his 
own individual power in the disposal of his corn, he 
laboured under certain distinct disadvantages. He was 
especially at the mercy of any ring of buyers that might 
be formed. They knew that if he could afford to keep 
back Jiis crop for a more favourable market it was practic- 
ally impossible fur a farmer located any distance from 
the railway to hold his crop until the winter, because lie 
would not then hi) abhi to get it to the railway station 
owing to the state of the roads. To meet the position 
thus created the farmers, in a number of districts, formed 
co-operative organizations, which secured loans from the 
Credit Hanks for the construction of corn elevators cm the 
sidings near to some conveniently situated railway station, 
and to tln^se elevators tlie farmers could at once send their 
corn to be stored, the individual lots losing their identity, 
but, rt'preseuting on the whole, analogous cjualities of 
grain. Hy means of these elevators the available supplies 
could bc^ held any length of time. Not only was the 
previous difficulty ol getting tiiem to the railway station 
in llie winter obviated, but the ultimate collective sale 
mciint the traiitjport of the corn on the railway in bulk, 
thus effecting a ccjiisiderable economy as compared with 
what would have been paid had each farmer sent off his 
ov/n particular lot as a separate consignment. 





21 


To bring about such a union for the purpose of 
selling the year’s produce in common ought to be no 
difficult matter in the Native States in which, to the 
present day, payment is made in kind or partly in cash and 
partly in kind ; for the people are accustomed to the 
stacking of their harvests in the common granary, and, 
unfortunately for themselves, know the meaning of a 
lelay in the sale, not for the purpose of obtaining a 
higher price, but to meet the convenience of th(j Revenue 
Officers. 

Notwithstanding the examples here given of the 
rlifficiilties in Europe very similar to such as are found in 
India, overcome at last by the people, there are numbers 
who will still persist in saying that union will never be 
‘ffectual in an Indian village. 

To such, one must mention the case of 
SWITZERLAND. 

\ consid(?rable expansion in the industries of Switzer- 
and between 1870 and 1880 led to a steady llow^ of popu- 
ation from the country to the towns, and the shortage 
)f labour became marked. It was necessary, therefore, 
jo resort more to machinery in order to solve the 
aboil r problem, and to the use of artificial fertilizers 
n oi'der to increase the volume and decrease the 
elative cost of ])roduction, so as to compete better with 
die foreigner. To establish an organization was therefore 
i matter of life and death to the Swiss farmer. But it 
^iook a long time for the peasant to work himself up to 
diis conviction. An incarnate individualist, he resisted 
tny idea of actually resorting to combined trading or co- 

>perative effort, even whe n already co nvinced, 
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necessity of so doing. Finally, however, he saw it had 
become for him a question either of combination or of ruin ; 
eithtu- of rising to a true sense of his position and show- 
ing confidence in liis neighbour, or of dropping out of 
existence. WIkui once the alternative presented itself 
mercilessly to the Swiss peasant, he applied himself with 
good spirit and lighter heart and also with a skill at 
which wo cannot fail to wonder, to the development of a 
great system of organized action. 

Th(^ actual pioneer of the movement was a certain 
landowner in Katerschen, (Canton Zurich), who had pur- 
chased, wholesale, a large supply of chemical manures, on 
much lower terms than his neighbours were paying. 
This opened the eyes of the farmers to the benefits to be 
derived from wholesale purchases, and to the necessity 
of combination for the purpose. In 1874 an Agricultural 
Association was formed to .securii sucli advantages. 
But though local organizations increased, it was only in 
1881 that a district federation of these was formed 
through the active exertions of a young parish priest. 


Here we have the wealthy landowner and the religi- 
ous lead('r combining to help thepeople to rise from their 
misery and their aloofness from one another, to combine 
for the common benefit. Is it too much to expect 
something similar from the Hindu vais and the local 
representative of the parish priest V 

Again, the very serious objection may be raised that 
the peasantis too ignorant in thiscountry, and that there- 
fore no hope lies before him. Alriglit. Let this be con- 
ceded for the sake of argument. It will be brought for- 
ward by the educated classes. This enables an appeal to 
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be made to them, and, that the impossibility of helping 
the farmer may not be advanced as a shield, by these men, 
against the blame cast upon them for inaction or indiffer- 
ence, a reference will be made here to what was done 
by the University students in 

FINLAND. 

These young men, pursuing their studies at Helsingfors, 
flocked to the lectures on agricultural subjects and, when 
they returned to their homes, even for the liolidays only, 
became propagandists of the agricultural co-operative 
movement. 

Is thm e not a society, established somewhere round 
Poona, with ramifications all over the country, the 
members of which are sworn to sp(md their lives in the 
service of India V Can there be a greater service done to 
the land they have sworn to servo than the introduction 
of co-opiu’ative credit societies t{> free the peasants 
from their burden of debt, to enable them to purchase 
the sadly- neiided manures for their fieldvS, to help them 
to band together for the purpose cf lessening their ex- 
penses by wliolesale purchases and increasing their earn- 
ings by combined sales of produce, in fine, to teach 
them to unite for a common purpose, which immensely 
benefits each member and the whole community? 

In England, co-operation in Urban centres, in 
manufacture, and in the purchase and sale of goods, has 
been in existence over half a century. It has been only 
lately, however, that agricultural co-operation has been 
started in the British Isles. 



The Agi'iciiltural Organisation Society is only a 
few years in existence, but it has aitiliated to it no 
less than 15 Agricultural Credit Societies, 118 Societies 
for the supply of requirements and the sale of produce, 
and numbers of others, totalling J85. The increase 
has been rapid. There were 25 in 1901, 98 in 1904, 
and now iK^arly 5 per cent, of the farmers in the 
country an^ members. Sales are made at a liigher price 
than could possibly be got by the individual members, 
and purchased goods obtained considerably cheaper. 

With similar institutions a far greater saving could 
be made o.i each petty article re({uired in an Indian Vil- 
lage, tor ])urcbasos made on an infinitesimal scale and on 
credit from the local bania, are naturally far from cheap. 
Take sucli a thing, for instance, as the small, but ever 
necessary supply of kerosene oil, and compare tli(^ price 
paid for the l•e(|uirements of the little hat tee with the 
chaigeofthe same when a case is bought, audit will 
show pretty clearly tliat, though the villager’s wants are 
lew and small, he must pay heavily for every little item 
bought. Yet it is not descending to un business-like 
trifles when we consider such sniall matters, for in a 
country like Knglaiid even the smalh'st articles tliat bring 
in an income are considered. The Pramlinghaiu Society 
sold more than a er()re and a half of eggs obtaining for 
them 25 per cent, more than was formerly got from the 
mit.dleman. 

The Caei’inarthen Farmers’ Co-operative Society 
giv('s us an idea of what is being done in Wales. In 
four years it numbered GOO members, turned over i!27,000 
and reduced the price of feeding stuffs from 10 to 15 
per cent., of seeds 20 to 80 per cent., and of artificial 
maiiuK'S 80 lu 40 per cent. 
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The Agricultural Organization Society m Ireland 
owes its origin to Sir Horace Plunkett, and now there are 
the following co-operative bodies in that little island: — 


Creameries 

331 

Agricultural Societies 

151 

Credit „ 

232 

Poultry ,, 

25 

Klax 

0 

Industries ,, 

50 

i^)eekeepers’ ,, 

18 

f^acon-curing „ 

7 

Miscellaneous „ 

13 

Federation ,, 

1 


Total HIO 


These societies turn over :] crores of rupees, a res- 
pectable sum for so small and so poor a country, and the 
banks, though they have advanced about 37 lakhs, have 
suffered no loss. The result has been the reduction 
of the price of artificial manures by about 30 per cent, 
and the cost of seeds and agricultural implements 
has been lowered considerably, a fact which could not 
have been accomplished but by co-operation. It has 
also been an education to the people in thrift and 
business habits. 

At Eday in the Orkneys, North of Scotland, the 
poor crofters, with a capital of Us. 108-12, have gained 
over 12,000 Rupees. So that poor as Indian villagers 
may be, there is evei-y prospect of good being done if tlie 
people will only combine. 



Once co-operation has been tried on a small scale 
with the introduction of Village Banks, industries will 
spring up like magic throughout the length and breadth 
of the land. 

There is no need to refer to the creameries of Den- 
mark, of Norway and Sweden, and of Ireland. It is 
bad enough to find such immense imports of sugar into a 
land that ought to supply the rest of the world, but it is 
almost unintelligible, in a country where ghee is a neces- 
sity, that decent butter is so little obtainable as to necessi- 
tat(‘ the purchase, by Europeans, of such an article from 
Dtmmark, at a price cent, per cent, above what would 
b(i a handsome profit in fndia its(df. Worse still, the 
clariried butter sold in this country is so adulterated, 
especially in the large towns, that the cry has been raised 
for a food adulteration act. It is not uncouimon tor 
people in the Madras Presidency, though they hear 
tlie cry of as milk is offered at every railway station, 
to obtain their butter from the Bombay Dairy Companies. 
It is time for patriots to drop noisy politics for a spell and 
to attend to the material wants of their BOO millions of 
fellow subjects. They can benefit their country far better 
by educating the people to a true Swadeshi, which must 
bring in its train a real advance all along the line. Tfiie 
necfissity and the utility of cojubination ought to be 
apparent as the foundation of all agricultural progress 
an I power. 

If, in British territory, owing to the hard and fast 
lines requisite in. the government of the country, the 
establishment of Raiffeisen banks in a few villages may 
not be so easy, a commenceir eTit should not be difficult in 
some of the various Native States. In these, on a small 
scale, and in a few villages, the State may act as the 
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Central Bank, Village Banks may be attempfed, concen- 
trated fertilizers purcliased, and agricultural associations 
formed. These small organizations united, the commu- 
nity may, in course of time, hope to accomplish anything 
that the history of the Revival of Agriculture in Europe 
has shown feasible by a determined united peasantry. 

But even in British Territory in India a very im- 
portant means can be used to bring about an agricultural 
revival and that is the Indian Army. The Company gar- 
dens, once so well known in cantonments, but certainly 
not admired by men enlisted from towns and cities of 
England, would probably be very much appreciated by 
the Native troops, coming from the land and accus- 
tomed to work in the fields, and should form part and 
parcel of the agricultural classes that should bo estab- 
lished.*' There is nothing strange or ridiculous in the 
idea, for it has I)een carried out successfully both in 
Germany and in Italy, and more good would be done in 
this manner and the benefits of scientific agriculture 
more widely spread, if, at centres where large bodies of 
Native troops are stationed, a class were formed to point 
out the newest things science has to tell us about the 
cultivation of the soil. The first principles of the for- 
mation of soils and the consequent ditterences in fields, 
the plant foods taken up from the acre by various crops, 
the preservation of cattle manure, and the necessity for 
certain regulations to enable bacteria to do the work of 
maturing the faimiyard manure, thi? value of natural 
and artificial fertilizers, and the proper method of con- 
ducting experiments — these would prove a. sulficient 
foundation for earnest work on the part of the scholars, 
when, on leaving the colours, they returned to their 
fields scattered all over the continent. Nothing would 
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help the spread of agricultural education more than 
this. 

Instead of building the educational structure of Agri- 
culture from below, beginning with elementary train- 
ing, and advancing by stages to the High Schools and 
Colleges, as is done (311 the Continent, we begin with 
and confine agricultural education to CoHeges. 

In the ‘ Practical Adviser,’ a Weekly Supplement to 
the Westphalian Volksbiatt, issued on the 8th March 
11)09, we find the following taken from the German 
‘ Weekly Mnitary News ’ : — 

“ Instruction in agriculture is now to be introduced 
throiiglioiit the Army after having been fostered tor two 
years among the troops in llavaria. Last year 0,000 
men atbuuled the school, whih‘ a great numlier oV appli- 
cants had to be refused owing to want of room, [n 
Italy this [nstituiion has lieen in existence for ten years 
and the number of scliolars attending during the last 12 
months was 50,000. It is said of the students that, on 
leaving the; colours and proceeding to their homes, they 
form crystallising points for agricultural associations, 
and lor progressive agricultural education. The agri- 
cultural courses liave bcun so well attended and have 
eiH’ated so lively an interest in Germany, that they appear 
to supply a real want, and they point to the earnest en- 
d('av()ur of ilie agricultural population to seize every 
opportunity to widen and increase their horizon of 
knowledge and experience. That young men ot 20 to 
2d are especially drawm to tins, requires no discussion, 
lor wo see the fact that the broader views obtained by 
recruits and soldiers in the barracks seem to urge them 
on to attend ing these classes. Of course the curriculum 
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is not exactly a preparation for agriculture, but a num- 
ber of practical points can be studied in these army 
schools, which will amply reward attendance at them. 
It will perhaps interest a large circle to know that 
G-ermany imports one and a halt milliard marks worth 
of agricultural products that could be produced in the 
country, and those who attend this course of studies 
should have the fact brought home to them to stimulate 
them to bring about a production of this in Germany 
itself.” 

The day has gone by wlien the farnior could say 
contentedly : — ” My father before me and his father 
before liim could neither read noi* wvito an l they got on 
well enough as practical cultivator^. Why should I 
need more than they to carry on my work satisfactorily V” 
The answcir is simple enough. The rest of the world 
has n()t ^'remained stationary even if Indian farmers 
choose to do so. It is a long time since the railway 
train arrived to take tlu^ place of travelling by cart, 
horses are now making room along our roads for motor 
cars, and steam itself is giving away before eh'ctricity. 
hiverybody else in life sees the necessity for study, and 
the ordinary routine of learning has to be vastly changed 
to suit the jnodern nec(;ssity of specialising. The 
hhiropea!! farmer has seen tin* necessity not only of 
combination and co-operation but of studying hard 
everything connected with his business. He is no longer 
satisfied with the facts he .s(‘es befor(^ him, but he 
studies their causes and effects, the why and the where- 
fore of everything connected with liis farm. It is true 
the great competition with America, North and South, 
have forced tliis upon him. Hut are we in India (juite 
outside the effects of this competition ? Decidedly not. 
India’s produce has no small place upon the world’s 



markets, and whatever influences this tells upon the 
wealth of the country and the well-being of the farmer. 
If Germany feels seriously the competition in wheat 
brought about by the immense supplies forwarded to 
Europe by Argentina, will not the fall in prices tell 
against India wlnm that South American country’s 
immense resources are further developed ? If the price of 
wheat is lowered the Punjab peasant must produce more 
on the same acreage, if he is to live at all. To do this he 
needs study, as the European farmer did under the same 
circumstances. And there is a great deal more to be 
learnt tha . the cultivator of this country dreams of. To 
work his plough, h<i must Im' a good judge of the cattle 
he buys, and that alom^ is a science of which he does not 
know over much. If he wishes to get the most work out 
of his animals at the least expcmse of wear and tear, he 
must know the value of various foods, and thii? means a 
little cheniistry. The very plough lie uses may or may 
not be the very host ; but he must study others before he 
can he a judge, and learn whether the strength of his 
animals is being wasted or money lost by continuing to 
cultivate his land in the manner liis forcifathors cirried it 
on 4,000 years ago. Some knowledge of mechanics is 
recjuired for this. For irrrigation he may require the 
study of pumps, for manures a knowledge of certain 
ch(‘mical plant food constituents, and for an idea of soils, 
IkoIi chemistry and geology. During seasons of too 
much rain a little engineering for the proper drainage of 
his land will not be out of place, and in seasons of 
drought some meteorology would help iiim considerably to 
conserve tlic little moisture l^^ft. When sickness attacks 
liis plants he might be able co iiace the cause it he knew 
some entomology and bacteriology, and, by their aid, get 
rid Oi the danger tv) his crops, and at all times his mind 
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must be ready to note cause and effect and be prepared 
with prevention and cure. If everyone else must prepare 
himself by study to follow even the most practical career, 
such as mechanics, is the farmer alone to find himself 
successful by tumbling into his father’s shoes, or learning 
'‘mukeeke mukec what his father did, without the 
faintest notion as to why the tilings were done ? The 
merchant who is to be successful now-a-days studies trade. 
The farmer is also a merchant, or his crops would be 
useless. He must study Geograpliy to learn where and 
what is grown that may compete with or take the place 
of the crop he raises, and he must make himself ac(][uainted 
with the rise and fall of the market, and the best times 
and places for buying and selling. This looks like a 
demand for a knowledge of all the sciences ; but though 
no very (deep study is required for each, the successful 
farmer needs a general knowledge of all these subjects. 
Yet so many of our Indian farmers who cannot even read, 
think themselves cleverer than the rest of the world, 
even though they cannot cast accounts. Are such men 
going to compete with the farmers of t]ie rest of the 
world? Alr(‘a*(ly sugai* is pouring into India, tliough 
this country should supply Europe. Were the white 
sugar imported replaced by gul or jaggeree, how long 
would sugar-growing in India last? It will bo the same 
in course of time with the various cereals, and it 
will be a sad day for the country if it awakens to 
a necessity of study, only when the terrible pinch 
of competition has reduced agriculture to an industry 
that does not pay. Of course we cannot expect the 
farmer to study all these subjects at once. Ihit, when 
the three R’s are mastered, and combination and co- 
operation begun in our villages, the day will not be far 
distant when a demand will be made for an education 
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such as will fit the people to fight the battle of life in 
which success will be reached by the fittest. The 
Americans know the value of agricultural education and 
they see the results of scientific farming. 

What can be done by intensive culture, whether it 
be tillage, or sheep and cattle farming, is patent from the 
fact that in England, about the middle of the last century, 
a farmer with ‘iaO acres secun^d a net income of Ks. 1 ,(S00 
a year and there were farmers whose rcwenue ranged 
from Its. 7,500 to Ks. 15,000. And no wa)nder. when we 
b(^ar in mind that it was the aim of the cultivator to pro- 
d 11(50 ()0 bushels of wheat and fOO bushels of oats per 
acri;. It should be remembered that land pays the farm- 
ev in England, though the labourer gets Rs. 60 a month 
daring the Summer and Rs. 30 to Rs. 45 during tlie Win- 
ter; but he does a good day’s hard work to get these wages. 
Y(5t the llinglish farmer was not, till lately, a sfiideiit of 
hooks. He read his Agricultural newspapm*, and met 
otlier people at the fairs and markets where ideas were 
exchangcid. Conservative by nature, lie did not reject a 
thing because it was new. As soon as lie found it 
would pay he adopted it, for Ik^ was a man of hard com- 
mon sense. Thus it is that his land, by the use of man- 
ures, has become e.xceedingly fertile, and his cattle by 
carehil scdection and feeding, are renowned all over the 
world. Sinci; then ht*, has found that the study of books 
helps considerably. We must also learn, wliether it be 
li'om books or neighboui’s, of wliat is done in other 
countries, not to appear more learned than our neigh- 
liours, but to consult with them as to the best means 
of improving the soil and th(^ harvests. And for this 
nothing is better tlian a careful study of what has been 
successfully done elsewhere for years. Despise nobody, 
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learn froin all. Let our Motto be “ Science with prac- 
tice/’ and with our small wants we shall soon be 
comfortable, if not actually wealthy. 

The objection may be raised that 100 acre holdings 
are rare. So they are in France, where 4 million 
holdings are under 10 acres. A quarter of the average 
cultivated land in Bavaria is divided into 2^ acre plots, 
half the holdings are under 25 acres and only 1 in 1,000 
is larger than 250 acres. 

If we have in India all the difficulties combined from 
which European nations .suffered at the time of the 
Revival of Agriculture, we have also got many advan- 
tages unknown to them, especially the village system 
of government that has remained while invaders came 
and weift, and dynasties changed, turbulence reigned 
supi-eme, and life itself was unsafe. There have been, 
with the village system, from time immemorial, a num- 
ber of co-operative schemes in existence. These want 
only developinenfc, and, with a little education and adop- 
tion of means successful all over the world, there is 
every reason to prophesy a revival that will make India 
a marvel to the rest of the world, when wealth will pour 
in as the land is developed, and manufactures follow upon 
the improved status of the peasant. With the arrival of 
the Village Bank and the withdrawal of the Sowcar let 
us hope that day will not be far distant. 

People may also* say that the need for intensive 
culture is not yet felt in India, that competition in the 
European markets rarely affects the agricultural jjroducts 
of the country, and that there will be time to imitate 
Europe, when the pressure is felt here. The misery 
caused by the unpreparedness of the European farmer, 

3 
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when America flooded his markets, must be realised by 
those who bring forward this argument, if they are 
to appreciate the awful consequences to India of such a 
delay. Even if no danger of such competition appeared 
above the horizon, it is an extraordinary way of endeav- 
ouring to benefit the raiyat and the country by allowing 
agriculture to continue showing such poor results. When 
the acre of wheat produces 9 bushels against 82 in the 
United Kingdom, and the cotton harvest 68 lb. against 190 
lb. in the United States and 385 lb. in Egypt, it is time to 
consider what improvement can be made without waiting 
to be spurred to it by a complete loss of the trade in these 
commodities. But are we so free from the danger of 
outside competition ? 

In England a Royal Commission was appointed in 
1876, to enquire into the depressed condition 6f agricul- 
ture and its causes. The final report was published in 
1882 describing distress of unprecedented severity and 
attributing it to a “ succession of unfavourable seasons, 
increased foreign competition, the increase of local taxa- 
tion, cattle disease, and other causes.*’ 

In 1893 another Royal Commission endeavoured to 
ascertain the cause Ot the continued depression among 
the agricultural classes, and the conclusions tliey arrived 
a^ were that, with the fall in prices, the value of land had 
sunk about 50 per cent. In 20 years cereals had fallen 
40 per cent., and wool, dairy produce, and potatoes had 
fallen from 20 to 80 per cent. And all this was due to 
foreign competition. 

If this could occur in a land where the cereal harvest 
is above 80 bushels, have we nothing to fear where 9 
bushels is the average return ? Is the day far distant 
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when prices will be so depressed by foreign competition 
that a wail willb e heard throughout India ? The steam 
ploughed prairies of Argentina, the United States and 
-Canada, must ere long glut the European market, 
continental sugar backed by science, may even replace 
.our Indian gul, African cotton, in the no distant future 
may lower the value of our cotton fields, and then God 
help the Indian raiyat. 

Intensive farming must be resorted to, and a regular 
system introduced of rational fertilizing. The farmers 
must unite, must co-operate, if only to save themselves, 
or they will soon learn the full meaning of the phrase : — 
“ United we stand ; divided we fall." 

Our returns are practically stationary. Such is 
not the cafie with the progressive countries of the West. 
In 1800 less than 156,000 bales of c(3tton were produced 
in the United States : in 1910 the harvest was 11,500,000 
bales. In 1840 the maize grown amounted to 378,000,000 
bushels : last year it was 8,046,000,000. Wheat has in- 
creased from 85 million to 670 million bushels in less 
than 70 years. The present rice produced is 24,868,000 
bushels, and linseed 5,856,000 bushels. How far all 
these may still rise, and, by lowering the market value, 
prepare the ruin of India, no man can foresee. 

A few figures showing the rapid advance in exports, 
by Argentina, of agricultural products raised in India 
may open our eyes. 

The following article translated from a German 
agricultural newspaper will give an idea of the rapid 
progress of Argentina and the light in which it is con- 
sidered in Germany. 



36 


The competition in Argentina wheat this year is- 
of very great importance even to Germany, as it is quite 
evident Argentina is prepared and is in a position to fill 
the place left vacant by the falling away of exports from 
the D. S. of America. 

It is scarcely 30 years since Argentina wheat came 
upon the world’s markets. In 1876 the total exports 
from that country were 22 tons from a harvest of 300,000 
tons or rather less than i per cent, of the world’s crop. 
The culture of wheat has gone up by leaps and bounds 
since the eighties. 

In 1872 the area under wheat in Argentina was 
130,000 hektares; in 1904 it reached 45,000,000 hektares. 
In the same year land under wheat in Germany 
amounted to only 1,920,000 hektares, and ‘Argentina 
had sent out 18 per cent, of the world’s wheat exports. 

Slowly, but constantly and steadily, tlie culture of 
this crop is going southward to a more moderate climate 
and Buenos Ayres is now the centre of the wheat grow- 
ing district 5° South, instead of Santa Fe, which ten 
years previously had been the chief mart. For the next 
20 years we must expect ever increasing expanses to be 
brought under wheat cultivation, and a corresponding 
export to follow. All the Argentina landowner has to do 
at present is to use a steam plough on the land and 
scatter his seed. By the time the wheat crop begins 
to dwindle, alfafa will be sown for his herds of cattle. 
How Germany with its ai-ti/icial manures can compete, 
it is impossible to tell, for it will pay Argentina to 
export when all chance of profit has come to an end in 
Germany. 
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With a harvest of 3,689,000 tons Germany pro- 
duced in 1904 only 4*81 of the total of the world’s 
wheat harvest.” 

It is not in wheat alone that competition is to be 
feared. 

Exports of linseed were : — 

1907. 1908. 

India 835,214 tons 162,880 tons 

Argentina’s 881,887 „ 1,082,264 „ 

To give some idea of the rapid increase of agricul- 
tural products in lands lately brought under cultivation, 
it will be sufficient to quote a few figures stating the 
increase of wheat growing in three Provinces of 
•Canada : — 

Aveiugk under wheat. 

1901. 1906. 

Manitoba... 1,965,193 acres 2,721,079 acres 

Saskatchewan. 487,170 „ 2,117,484 „ 

Alberta... 48,103 „ 223,930 „ 

Yet of the total land area of Canada viz. 858,608,837 
acres, according to the Census of 1901, only 63,422,301 
were occupied, and the rural population amounted to no 
more than 3,850,000. 

Between the great lakes of Ontario and the moun- 
tains of British Columbia lies an area of over 600,000 
square miles having a population at present of about 
800,000. It is essentially a wheat-growing country, 
probably the greatest continuous area of its kind known 
in the world. With only pne-sixth of its area in wheat 
it would produce a quantity equal to one-half of the 
present world’s production. 
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liailroads are being built in many directions, and 
new areas are being opened up every year. The popula- 
tion is growing rapidly. 

In 1881 it was only 43,228 

„ 1891 „ „ „ 219,305 

„ 1901 „ „ 419,512 

„ 1906 „ „ „ 808,863 

Canada’s nine provinces measure 1,400,000 square 
miles and the unorganized, and partially explored land is 
no less than 2,100,000 square miles. Only about 3 per 
cent, of the entire area is as yet occupied. In a few years 
the occupied area will be increased many times over. 

In South Australia though a yield of 7 bushels is 
financially as satisfactory as one of 15 bushels in New 
South Wales, or 20 bushels in New Zealand, ^the cost of 
growing* wheat being phenomenally low, the people see 
that more can be gained, and of 2,000,000 acres under 
wheat in 1906, 1,321,000 were artificially manured 
against 60,000 acres ten years previously. 

The wheat belt in Australia produced from 
5,978,000 acres in 1906-07, 66,100,654 bushels. 

The output of wheat had tripled in the preceding 
15 years. 

The area under maize in 1906-07 was 325,581 acres 
yielding 10,175,000 bushels of grain. 

For hay-making with wheat and oats 864,200 tons 
were used, the growth of 591,771 acres. 

Hitherto settlers kept to one line such as wheat- 
glowing, sheep and cattle rearing, dairying, etc. The 



reverses of a few years back have brought about fuller 
recognition of the fact that mixed production is the surer 
ijiethod. 

Queensland once put 14,000 acres under cotton, and, 
though the industry languished, during the last 2 or H 
years attempts at a revival of cotton culture have been 
made, and once they succeed we will have a forinidable 
competitor. Africa is already on the lists against us. 
Their cotton, whixsh is a better staple than ours, may yet 
render Indian lint of next to no value. 

When the 9 bushels per acre of Eussian wheat be- 
come 30, not much wheat will be exported from India. 

What may yet be expected from China, if a revival 
takes place there, it is impossible to conjecture. But, 
that India will suffer, there is not a shadow of doubt, 
unless a rational system of fertilizing is introduced to 
obtain, from the same area, returns so mucti greater, 
that the increased production will more than compensate 
the fall in price. The experience of Europe a few years 
ago will soon be the experience of India. It behoves us 
then to benefit by the means used in Europe to combat 
the fall in prices, and to avoid the evil by preparing 
against it in time. Whether the present fatalism or 
indifference is due to ignorance of the world’s history 
of the present generation or not, it is necessary that the 
educated classes should bring these lessons home to the 
Indian peasant or the whole country will suffer the 
terrible results impending. 

The enormous figures of harvests from America and 
the wealth they bring into the country should act as a 
stimulus, to all true lovers of India, to urge our raiyats 
to imitate the intensive culture of the United States. 



40 


In Munsey’s Magazine for December 1910, we 
read : — 

“As a nation, we are again blessed with abundance 
in the matter of the harvests. The total wealth drawn 
this year from the soil of the United States, including 
crops and animal products, is estimated, in round figures, 
at nine billion dollars. There is no serious shortage 
anywhere, while on the other hand we have record — 
breaking yields of at least two important crops — corn and 
oats. We have the fertile fields, and we have farmed 
them with success. 

Although it is even yet too early to give the definite 
totals of every crop, the harvest season has progressed 
far enough to make possible close approximations of all 
the most important staples. Here is the basis of our 
prosperity as a nation, the record of the harvef^ts, given 
in quantities and in farm values, and comparing the 
results of ‘this season with the results of 1909. 



Quantity, 1909 

Fanil Value, 1909 

Corn 

2,772,37(5,000 bushels 

$1,628,822,000 

Wheat 

737,189,000 

730,046,000 

Oats 

1,007, 3;')3, 000 

408,174,000 

Barley 

170,284,000 

93,971,000 

Bye 

32,239,000 

23.809,000 

Buckwheat. 

17,438,000 

12,188,000 

Flaxseed ... 

25,856,000 

39,466,000 

Kice 

24,3(58,000 

19,341.000 

Potatoes ... 

376,537,000 

206,545,000 

Hay 

64,938,000 tons 

(589,345,000 

Tobacco ... 

949,357,000 lbs. . 

95,719,000 

Cotton 

10,609,668 bales . 

129,537,500 

Cottonseed. 

5,181,500 tons 

129,537,500 


Total 

.. $4,206,501,000 
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Quantity, 1910. Farm Value, 1910. 


iJorn 

3,046,000,000 

bushels ... 

$1,523,000,000 

Wheat 

669,533,000 

j» • • • 

627,352,000 

Oats 

1.055,466,000 

>1 • • • 

379,967,000 

Earley ... 

151,726,000 

ft ••• 

85,118,000 

Uye 

32,088,000 

*j ... 

23,360,000 

Buckwheat. 

15,500,000 

ft • • • 

11,005,000 

Flaxseed ... 

17,066,000 

), 

39,935,000 

Rice 

28,000,000 

ft 

25,200,000 

Potatoes ... 

300,905,000 

ff 

204,014,000 

Hay 

(30, 17 4,000 tons 

713,621,000 

Tobacco ... 

940,000,000 

lbs. ... 

94,000,000 

Cotton 

11,500,000 bales ... 

825,700,000 

Cottonseed, 

5,750,000 

tons 

172,500,000 


Total ... $4,724,772,000 


But the veiy (U'st step to aid the Indian raiyat 
must be the e.stablishinent of a Central J^ank, such 
as that proposed by the Hon’ble Sir Damodar Vith- 
aldas Thackersey. The question then arises as to the 
distribution of the money from this central source, 
which acts as a ^a-eat reservoir, from which canals 
will carry the necessary water to the parched land. 
The security is there in suHiciency, like fertile land 
which only awaits the supply of credit to make it fructify 
and bear hundred-fold crops. When treating on this 
subject the various ends for w'hich banks have been and 
are established do not require consideration. The ques- 
tion here concerns the establishment of Agricultural 
Banks only, meant principally for loans to cultivators to 
help them with funds, w^hen most necessary, with the 
object of enabling them to get the best profits from 
their lands. Such will always require careful and 
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conscientious management ; but as they are likely to be 
small, and restricted in the area on which they depend, 
the risks run will also be few and trivial. Yet upon 
these, to a very great extent, will depend the future 
wealth of this vast continent. 

Here we will consider two sorts, common in Europe, 
and see which is more likely to be easier worked and 
more profitable to the shareholder, the peasant, and the 
country. 

Hoth have for their object the supply to agricul- 
turists of ..heap and suflicient capital, and both are run 
on the co-operative principle. Both educate those who 
participate in the profits obtainable from them, both may 
be of use in this country, and there is no reason why 
both may not be successfully carried out. 

(■ 

It is the want of security that, to a great extent, 
is the cause of usury in India as in other countries. 
Given a reliable security, there ought not to be a diffi- 
culty in obtaining credit. Further, this credit, especially 
among the very poor, must be brought to the fanner’s 
door. An ordinary bank would find almost insuperable 
difficulties in ascertaining the solvency and credit of small 
farmers, and might reasonably object to be burdened with 
land in out-of-the way places for payment of debts* 
With rural banks there is not much danger of failure to 
repay loans, for the persons to whom loans are made are 
thoroughly well known in the district, and the mere 
fact that personal security is required brings a powerful 
influence to bear on the return of capital lent together 
with interest. 

Of the two systems under which most co-operative 
rural Banks may be classed, the Schulze-Delitzsch,. 



43 


modified b}" Luzzatti, will probably be useful to the 
comparatively few, who have a fair amount of land and 
substance but often stand in need of loans to tide over 
difiicult times or to effect improvements, while to the 
vast majority in India the Raiffeisen system will be 
more beneficial, though, till it is understood, capitalists 
may not be inclined to give their aid, under the impression 
chat philanthropy is required, which they consider a poor 
investment in this world, however paying it may be in 
the next. 

We shall therefore consider these systems separately 
and see how far each singly, or both combined, will act 
towards the regeneration of Indian agriculture. 

The difference in the systems, however much their 
principles agree and their results are similar in communi- 
ties of different degrees of wealth, or rather poverty, 
appear in their very formation. 

To start on the Hchulze-Delitzsch system, 

(1) a fair amount of capital or what would be con- 
sidered such in India, is required : 

(2) loans are made to the individual members only. 

So far the system and its Italian modification agree. 

The questions on which they differ are — 

(а) the minimum price of the shares, and 

(б) whether liability should be limited or unlimited.. 

To safeguard all credits ordinary security is'taken, to 
which is generally added personal security, and for this 
purpose the Bank requires a regular private bookin which 
is entered the assessed credit value of each mejnber. 
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'This of course must be secret. The acceptance of Bank 
shares as security may prove dangerous, for the bank 
may, in course of time, be left with the greater number 
of its shares in place of the repayment of its loins. 
The most careful checking of the management by a 
committee is required. Where these smaller Banks 
belong to a larger Union, farther supervision on the part 
of the Union becomes a necessity. 

These banks have been very useful, and, not being 
restricted to the financing of agriculture alone, have 
done an immense amount of good to agriculturists and 
non-agriculturists alike, wherever they have been estab- 
lished in li^urope. 

When started in populous districts where poverty is 
not grinding and the necessary checks are eve^r ready, 
they prove prosperous undertakings to the members, who 
must be shareholders. 

Whether, and how far, they would suit Indian 
villages, is another question. 

The .Raiffeisen system appears one much better 
adapted to the circumstances of our peasants, and is the 
ouf? hope for the general revival of agriculture in India. 

Its aim has been described as philanthropic, but 
there are many examples of philanthropy well-regulated, 
that pay exceedingly well, and there is every reason to 
hope that true patriotic philanthropists will obtain the 
Hiids in view, whilst showing good banking profits and 
proving .themselves good business men. 

By this system we tap a security hitherto unre- 
cognised, yet of such proved value, that immense sums 
of credit have been obtained on it all over Europe, viz*^ 
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the honesty and capacity for work of the individual, and 
his neighbour’s belief in it to the extent that he is ready 
to pledge his credit as further security for the return of 
the loan. 

Here we have to start a Bank for the benefit of the 
very poor, burdened in many cases by debts upon which 
the interest of usury has to be paid. Such people cannot 
be asked to combijne their capital, which is non-existent, 
in order to help one another by the combination. They 
want the means to be relieved of the awful drain upon 
their resources occasioned by heavy interest paid often 
upon ancestral debts, and the help to start afresh. The 
business of each particular Bank may be small, but the 
large number that can be financed by a Central Bank 
will bring in a steady, and, in India, a by no means small 
return for the capital expended. 

No shares are to be bought, no entrance fees paid, 
and, for security, all who agree to be enrolled as members 
must bind themselves individually and collectively to 
pay for the loans and interest not returiK^d to tlie Bank 
by borrowers. Wherever there are small communities 
rooted to the soil, as is the case all over India, every one 
in the village knows the character and means of the 
others, and no village committee will be so foolish as to 
lend money, for which they are responsible, to any 
member of the community likely to scjuander it. Natu- 
rally no one will be admitted to the privileges of the Bank 
unless sobriety and honest and hard work enforce confi- 
dence in his character. In every Indian village there are 
numbers with no better security to offer, who could rise 
to comparative wealth, provided they were relieved of the 
incubus of the money lender, and supplied with the 
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tiecessai-ies, especially manui-es, required in intensive 
cultivation. Wherever garden crops are grown there is 
security sufficient for %ny Bank, and the dry crops of 
each year, not one of famine, will repay at the end of each 
season the money advanced on them, if the raiyat can 
only manure them. But it is not to the advantage of 
the Bank to recall the whole sum advanced in money or 
otherwise at the gathering of the crop. The profits to the 
farmer will not be large enough to show the great advan- 
tages of the system so soon. Easy payments would en- 
courage the peasant to put his profits into the farm, and 
thus, increasing his returns, further encourage him to 
more intensive culture and rational manuring, which has 
been the salvation of the peasants of so many countries 
of Europe. 

The Central Bank should first ascertain themumber 
of villagers in each little community upon whom they 
can rely, and to what extent their security is satisfactory, 
and obtain from them the security of each and all who 
wish to benefit by the Village Bank, and then the neces- 
sary loan may be advanced, and placed in the hands 
of the elected committee. Loans to individuals are not 
the concern of the Central Bank. Even when loans are 
made they need not necessarily nor generally be made 
in cash. Manures, implements, etc., can be supplied 
after being bought cheaper and better by the committee 
than the individual borrowers could possibly have pur- 
chased them. The same plan is carried out in many 
parts of Europe, and may be very necessary when un- 
usual sums of money reach the hands of otherwise 
careful steady men 

The security is consequently far greater than the 
tagavi loan advances of the Government can show. 
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As an example of what may be done by timely aid 
in the shape of money advances at a low rate of interest, 
we have only to look at the Nera Canal Scheme Tagavi 
Advances. Here Government came to the help of the 
sugarcane growers with advances of Ss. 4,74,315, 
between J anuary 1908 and J une 1909. As Government 
required their 3.J percent, net on the loan, and the usual 
Government management is not, as a rule, cheap, the 
farmers were charged 9 per cent. A business concern, not 
dealing with individual borrowers but lending to the vil- 
lage on the security of the community, could have obtain- 
ed 7 per cent, and 2 per cent, would have been ample 
for the further working of the loan scheme by the 
responsible farmers helped by a good accountant. And 
though the Bank got 7 per cent, in interest, the money 
would reach the peasant at the same rate at which 
they got it as tagavi. Of the 4 lakhs odd advanced, 
Ks. 2,07,815, were loans against crops due for crushing 
between October 1909 and June 1910, so that the 
report deals with Es. 2,06,500, with interest till June 
30th, 1909. The actual amount recovered was 
Ks. 2,25,689, and Ks. 18,395 as interest. The remain- 
der stood over against a further crop, where failures 
had taken place, and the loss to Government was nil. 

In this scheme the element of risk was not small, 
as loans had to be made to individuals by a Government 
officer, who certainly could not have so thorough an 
insight into the character and means of the borrower as 
the members of the village communities would have ; 
nor could he supervise as carefully the use made of the 
loans received, as would be the case when the commu- 
nity were held responsible for the repayment of the debt. 
Yet in this case we not only see the loans repaid, though 
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probably 75 per cent, of the villagers were at the same 
time indebted to the local bania or marwaree, but the 
very first investment made on the receipt of the loan is 
found to be a purchase of oilcakes, fish, and other 
manures employed extensively for fertilising so expen- 
sive a crop as sugarcane. The co-operative system of 
purchase and sale was at once understood and appreci- 
ated by the villagers, for Government bought fertilisers 
in quantity and cheap and retailed them at wholesale 
prices to the farmers, besides selling the produce for them. 

Though 50 per cent, of the money advanced pro- 
duced a net profit to the raiyat of less than Es. 150 per 
acre, a not very handsome return when the long waiting 
is taken into consideration, yet in 28 cases, or 11’‘2 
per cent., the profits per acre ranged from Rs. 800 to 
Es. 600, enough to make wealthy ralyats in a’few years 
of such who obtained, by loans, the means to show their 
skill in intensive farming. Unfortunately we have no 
returns sliowing the exact amount spent in each indi- 
vidual case on manures, an item which would have 
proved of absorbing interest to those who might wish to 
introduce village banking on the Raiffeisen system, and 
of very great importance when the consideration of 
short loans for rapidly maturing succeeding crops is 
taken up by the practical business man. 

Where not much cash is advanced but the farmer’s 
necessities are supplied, on account, by the village bank- 
ing committee, not only are still fewer risks run, but 
loans are still less liable to be abused, a spirit of co- 
operation for purcliases and sales is started, and a real 
education in thrift given to the whole village, agricul- 
rure benefits a great deal more by the keen interest 
taken by all in the success of individuals, more land 
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comes under better cultivation, and the indebtedness, 
that has hitherto hung like a millstone round the neck 
of the peasant, will be removed once for all. With the 
tagavi advances a loan beyond the limit of a year, which 
may or may not be one of bumper crops, is difficult to 
obtain for such things as the purchase of fertilisers, and 
there is danger that the raiyat may be still further 
involved with the money lender if the year’s crops are 
not successful ; but, with the security of the whole vil- 
lage and the constant check on each individual borrower 
consequent on the unlimited liability of all, the repay- 
iiient^can be gradual, provided fixed sums of capital and 
interest are recovered after each harvest. 

From all parts of the world we learn of the success 
of this system and of its educational influence, for none 
but reliable men are trusted with loans, and this is a 
great incentive to hard work, honesty and thrift. 

Through a village Bank the loans need not be re- 
stricted to agriculturists only. Trades can bo fostered, 
pLovision being made for the instant calling in of capital 
when not used for the purpose for which it was borrow- 
ed, though as was mentioned before, little ready cash 
need be placed in the hands of the borrower, as the 
banking committee purchase the necessary articles. 

It may be said that those who have money arc not 
likely to join their poorer brethren in such a scheme. 
But the history of village associations in India disproves 
this. They Icnow well what serves their own interests, 
have always taken the leading part in these, and have 
made concessions to the poorer peasants such as we do 
Qot find in Europe, as is the case for instance in letting 
ands to combinations of tenants who wish to grow the 
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betel leaf or pan, till the concession from time imme- 
morial has almost become a right. But even if at first 
the more well-to-do farmers kept aloof, they would soon 
find it to their interest to join such associations. In 
England farmers possessed of a fair amount of capital do 
not find it easy to obtain seeds, feeding stuffs and ma- 
nures, at as low a price as the co-operative societies can 
get them, and credit is often out of the question with 
individuals for these purchases, whilst Kural Banks can 
provide it on easy terms. There are few farmers in 
Indian villages who can be compared with the tenant 
farmers in England ; yet in the Eastern Counties 
Farmers’ Co-operative ^Association, established at 
Ipswich in 1904, the 686 members have, on an average, 
309 acres each, an extent of land not often tilled by 
farmers in this country. 

As soon as the credit obtained enables the villager 
to increase his crop he will see that it is to his interest 
to ask the banking committee to help him to the best 
price for his produce, he learns the value of co-operation 
in this respect also, and avoiding the middleman, in whose 
bags the profits of many a bumper crop have hitherto 
found a resting place, gets rid of one more encumbrance 
for ever. 

I may be allowed to suggest the foundation sketched, 
after a tour around the State of Junagadh, on which, 
it appears to me. our Kaiffeisen Banks may be built, and I 
hope it will be possible to carry out the plan with necessary 
variations in other parts of fndia. It is merely an extract 
from the notes made for my Annual Report for the year 
1908-09 and I shall take it as a favour if gentlemen 
long connectedwith Kathiawar and neighbouring Native 
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States will point out the defects and suggest improve- 
ments if they consider the scheineat all practical. Under 
the Chapter ''Indebtedness of the farmer I wrote : — 

The raiyat is invariably in a state of indebt edness, 
averaging as far as I could ascertain in Junagadh terri- 
tory, about Rs. 250. Much of this dates from the famine 
year and is due to interest upon interest, which is charged 
at the rate of 25 per cent. Heavy as this burden lies 
upon the peasant, it does not give an idea of what he 
actually pays on loans. His produce goes to the so wear 
at a rate far below its market value and by the time he 
is done with one transaction, 75% is nearer the return 
received by the money lender than the nominal 25%. 
For immediate cash the creditors would probably be 
satisfied with 1/3 or 1/4 the amount on their books. The 
payment of this, however, would be of little use in a 
short time, for, in the absence of funds, the farmer must 
again fall into debt, and, as he can pledge nothing but 
his produce after the State share is paid in, a heavy rate 
of interest must be imposed on a commodity so uncertain 
of realization. No doubt the power to sell or mortgage 
land may lt3ad to still greater evils unless some plan be 
devised to check the danger. There appears to me a 
;ihaiice — particularly in this State — of counteracting the 
liability to serfdom, following sales, by the introduction, 
of course on a very limited scale at first, of an amplified 
Zampli, that should take the place of the Kaitfeisen 
Banks in Europe. As I understand it, the Zampli is a 
system in vogue in every village in Junagadh and in 
most places in Kathiawar, by which provision is made 
imongst the peasants themselves to raise a common fund 
n order : — 

1. To pay the batta charges of the havildar on 
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guard at the Kalawar or village granary, when the system 
of payments to the State in kind prevails. 

2. To erect his hut in the Kalawar. 

3. To give charity to fakirs travelling singly or in 
groups from village to village. 

4. To pay for the worship of the gods. 

5. To meet the expenses of deputations sent to 
crave a redress of the village grievances. 

G. To pay any other expense common to the whole 
village. 

Kor this purpose the raiyats meet to elect five 
or more of their number, who are authorized, in the 
name of the village, to borrow money from a merchant 
at from 10 to 12 per cent, more or less. Money is not 
always borrowed, but commodities are taken, as required, 
on credit. 

When the produce is harvested the common debt 
is distributed ajiiong the villagers according to the 
number of santhis held. (A Santhi is 20 acres.) It 
generally varies from As. 4 to Rs. 1-4-0, more or less. 

Kvery peasant has. the right to check the accounts, 
though the patel and leading raiyats settle all matters 
cjnnected with the fund. 

Here we have the co-operative principal carried 
into practice tor ages in India, and it appears to me that 
no better soil can be found for the growth of co-operative 
societies than that of Kathiawar affords. It may be 
that, in the Zainpli, the amount contributed by each 
individual seldom reaches a figure beyond what in Europe 
would be considered a trifle, but we have a foundation 
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for co-operation such as was not to be met with in 
Europe when Village Banks were first established, and, 
if the security for the small sums controlled by the 
Zampli precludes all possibility of loss, the history of 
Co-operative Credit Societies in the West shows as few 
signs of bankruptcy, and so great a positive gain, that 
all true lovers of India should be encouraged to make 
ail attempt fraught with such immense possibilities for 
the country. 

In the desire for co-operation its zealous promoters 
often attempt too much and this appears to me one of 
the reasons why the Government of India has not been 
as successful as it otherwise might have been. The 
vaiious registrars do not appear satisfied with co-opera- 
tion among the peasants but must needs insist on 
working •it up amongst those who supply to the villager 
the means of bringing about co-operative societies. The 
chief industry in India is agriculture, and the principal 
wants of the raiyats may be stated as the means to 
purchase cattle, to obtain a water-supply and to get 
cheap credit. The subject is big enough to rivet the 
attention of the rulers without frittering away their energy 
in the endeavour to bring about co-operative work in 
towns. It is not merely the heavy rate of interest the 
peasant has to pay that keeps him poor. Far worse is 
the necessity on the part of the peasant to sell to the 
local money-lender, at the latter’s price, the result of his 
year’s work and to borrow from him the means of 
subsistence and the seed for the next year’s crop. The 
one aim of Government should be to make the money- 
lender a legitimate banker and this can be brought about 
only by showing him that legitimate banking with 
village banks pays him betteu than lending money to 
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individuals. The mistake hitherto made has been the 
formation of village banks before Central Banks were 
established.' There is absolutely no reason why shares 
should be limited to fixed sums in the formation of 
Central Banks. Provided there is a Government guaran- 
tee subscriptions will pour in readily, and, if a pros- 
pectus showed how small the chance of loss must be by 
loans to Village Banks, the Central Banks would 
probably receive applications for shares from the wealth- 
iest in the land and deposits such as few exchange 
banks can boast of. Loans should be made at first 
againstcropsonly, if the llaifieisen system is to be intro- 
duced, and mortgages should be avoided as much as 
possible and totally prohibited on town properties. 
Taking, for example, a Central Bank that paid 4% on 
deposits and lent to Village Banks at we have 
made on borrowed money and on the’ capital. 
Allowing deposits to reach in a short time an amount 
equal to 3 times the capital we have interest e({Lial to 
18){. ]3ut this would form only a small portion of the 
profits of.'the concern. The real work of the Bank would 
begin with its action as an agent for the sale of produce 
at a brokerage of say 2A per cent. Knowing that the 
Central Bank would give them the best price obtainable, 
the Village Banks would be only too glad to hand over 
their garnered crops to the Central Bank, and thus profit 
considerably, while the Central Bank gained no inconsid- 
erable sum on the transaction. In course of time the 
Central Piank would become a Provincial Bank dealing 
only with Central Banks scattered over the country and 
the Village Banks, borrowing at 7 ^% and lending to their 
members at 12’. would have sufficient sums put by to 
form a capital of their own and thus reduce the rates of 
loans. 
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By degrees the village money-lenders would find it 
to their interest to join the nearest Central Bank, legi- 
timate banking would take the place of usury, the raiyat 
would get out of debt, and, obtaining a better return for 
his crops, find himself before long in fairly comfortable 
circumstances. 





FIRST LESSONS IN AGRICULTURE. 


The Air. 

Before seeds are placed in the soil the land is 
ploughed. We all know this, and the smallest little 
peasant boy smiles when he hears it read. 

Now thoughtful men invariably ask why a thing 
is done. It is not for nothing so much labour is under- 
taken by men and cattle. There must be some end in 
view. We therefore ask for what purposethe ploughing 
takes place. 

(1) TTie soil must be loosened to admit the seed, 
and to render it possible for the rootlets to find their 
way to their food. 

(2) To prepare this food, air, warmth and moisture 
are wanted, and we shall see how this is brought about 
by the action of the air upon the ploughed land. 

(8) When we break the caked surface, we not only 
allow air and warmth and moisture below the surface, 
but also allow of the upward action of water towards 
the surface. 

(1) We know that seeds can be kept for very long 
periods in dry dark places and retain their vitality for 
thousands of years. When such seeds, after so many 
years, were placed in the soil and obtained warmth and 
moisture, they sprouted, grew well, and gave a harvest. 
If the seed be left on the surface and not destroyed by 
birds or insects, it may sprout and continue to live 
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while the iood contained within it lasts, as we find seeds 
growing in gunny bags that get wet, but the little roots 
will be unable to force their way into the soil and the 
poor little plant will not be able to get much of its 
necessary food. The paddy is kept moist and warm in ^ 
many parts of India till it sprouts, but then it must be I 
put into the soil to get its proper food. ' 

(2) It will bo noticed that in the cold weather 
unpleasant smells are not so much noticed near heaps 
of refuse lying about, especially if the air bo also dry, 
but that in hot, moist seasons it is very unpleasant to 
remain near such garbage for any length of time. We 
stM^ here that heat and moisture help to decompose 
vegetation, as they help the seed to first decompose 
before sprouting. 

« 

In a similar manner the earth itself breaks up 
under tile influence of the weather. If it is hot and dry, 
the earth bakes like bricks. When there is slight 
moisture, it softens and opens out. 

It is the business of the farmer to get everything 
done as cheaply as possible, and if the air can work for 
us, and work well if we know how to use it, why not 
make a farm-labourer of the air ? That the air contains 
moisture is known to you all. If you have ever seen a 
glass of water with ice in it you will notice that the 
outside gets clouded and finally drops trickle down ; and 
piH^ple sometimes say the glass sweats. Of course the 
glass does not, and no water gets through it. What 
happens is that the air arouud the glass is condensed 
and the moisture in the air is, as it were, pressed to- 
gether by the cold, and forms drops upon the glass. We 
find in a heated room that moisture settles on the window 
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panes. We can compress the air without ice and with- 
out bringing it down to the temperature of ice. A 
slight cooling will be sufficient to bring about a slight 
pressure, which will force the air to deposit a slight 
amount of its moisture, and if this be continued for some 
time it is remarkable how much moisture the air is 
compelled to deposit. When the dry air passes over a 
chatty of water it sucks up some and in the process the 
water cools. When damp air passes into a cooler spot 
it delivers some of the moisture it contains. Dig a few 
inches under the surface and you will find the earth 
cooler than at its surface. If wo dig up the soil so that 
it is loose and somewhat fine, what will follow V Kxactly 
what takes place in a cooled room when heated air is 
allowed to enter. Cool and hot air cannot remain 
stationary. Side by side movement will follow. The 
heated airVill take the place of the cool air and the cool 
air will take the place of the heated air, till tl>e heat is 
equal in both places. Some rooms in the house, where 
the sun seldom shines, are considerably cooler than the 
outside air, and, the momenta door or window is opened, 
the liot air rushes in and is cooled, and then succeeded 
by more hot air which is again cooled, while at the 
same time the cold air finds its way out. Exactly the 
same takes place in the soil. We have but to open the 
doors and windows of the soil, somewhat below^ the 
surface and the heated air from above rushes down into 
the ploughed soil, is cooled, and the drauglit continued. 
The heated air bringing moisture from above is deprived 
in cooling of some of its moisture. To prove how^ much 
can be gained by making the air a servant on the* farm, 
the following easy experiment should be tried. In the 
very hot w^eather select two small patches on a very dry 
field. Dig up one fairly deep and break the clods fairly 
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fine. Leave the other iindiig. A few days afterwards, 
on returning to the spot, practically no change will 
appear to have occurred on either plot ; but on removing 
a few inches of the surface soil, where the land had been 
dug, signs of moisture will be evident. 

Having found that we can extract moisture from 
the air, can we learn anything else? The best way to 
ascertain facts is to make practical experiments. Plough 
two plots of land some time before sowing. Cover one 
with a loose stack of hay. You will find that the crop 
grown there during the year, and perhaps for two or 
more years afterwards, will be better than that grown 
on the plot left bare. As will be seen later on, when we 
speak of soils and how they are formed by the breaking 
up of rocks owing to the action of heat and moisture, 
the heated air has been drawn down to the soil kept 
cool by the hay or straw over it, and the moisture from 
the heated air above is, as it were, squeezed out 
as from a sponge and deposited on the land, which 
then begins to break up and rot, in a way very similar to 
vegetation. It breaks up into the parts of which it is 
composed. You understand this when you look at the 
different soils that you meet, You have only to see the 
hills and rocks and stones around you, and you find, as 
a rule, that where these differ, the soils generally differ. 
These have been broken up by the weather, and the 
finer particles making up the soil are still further broken 
up, not only mechanically, i.e., into still smaller pieces, 
just as you would divide wood till it becomes sawdust, 
but also chemically, i.e., into the substances of which it 
is composed. Wood for instance, contains water, coal, 
and ashes, and by burning, these parts are separated. 
Water, coal, and ashes are not wood, but they are the 
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substances of which wood is formed. They are its compo- 
nent parts. So also soils are made up of various sub- 
stances, some containing inuch lime, others much iron, 
and most containing small portions of phosphorous, 
potash, etc. In some soils, where vegetation decays, you 
see the nitrate of potash forming a crust on the surface^ 
and this salt contains two very useful and necessary 
foods for plants. 

8. Besides the moisture admitted into the soil by 
good ploughing, wo also make the air, which is within 
the soil, do our cooly work. It acts as a khos, or piccotah, 
or pump. If the end of your cotton dress dips into 
watei’, you find that water can rise considerably above 
its level, and if you leave the end of a piece of cloth that 
is hanging up bo dry, dipping into a tub, or bucket, it 
will not dry, but become more and more wet as it draws 
up the water from below. This is cal lei capillary 
attraction. The hairs of the head (in latin capillus — a hair) 
are hollow, and the spaces between the threads of which 
the cloth is made, form similar narrow tubes. It is 
peculiar that such narrow tubes draw water upwards^ 
When the land is well tilled the earth contains number- 
less such hollow tubes, and where there is water below 
the surface it is drawn upwards through these. 

This explains why the land is ploughed. The mat- 
ter will be much clearer, when, later on, we come to 
know how, and of what, the rocks are made up, and 
consequently the soil derived from these rocks. We 
shall also learn what food is required by plants and how 
it is got from the soil. In the meantime let us know 
the reason for ploughing, and then we may more easily 
understand those good gentlemen who are constantly 
advising us to use European ploughs and to plough deep. 
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We may also, from what has been said, come to a know- 
ledge of the reason why it is the custom to plough a 
different number of times, when different crops are to be 
grown. In itself it is not bad advice to tell you to plough 
deep. But then you must manure. W'hen the soil is 
only a few inches deep it is not the best plan to send the 
plough below this and bring the inferior sub-soil to Ifhe 
surface, and if this shallow soil contain couch grass and 
you use an iron plough, you will ruin your field. When 
you have a sufficiency of manure you may plough deep 
in a deep soil, and nothing but good can result from it ; 
but where manure cannot easily be had, though deep 
ploughing may give you a few good crops, your land 
will soon be exhausted. 

We must not ask ourselves '‘How many times 
should the field be ploughed but “ when does the 
ploughing complete the work we had in view ?” The 
object of ploughing is to admit air, warmth, and moisture, 
and we must consider what time is the best to do this 
work, in such a way that the soil is acted upon, divided 
finely, and made to decompose, so that the food is pre- 
pared for the plants to take up. Experience alone wdll 
teach us this. But experience is a hard and costly task- 
master and it is advisable, where we can, to learn what 
others have done, so that we can avoid their mistakes 
and benefit by the good results they have obtained. 
Every farmer is naturally in no hurry to start something 
new, and, when he hears that his neighbour is experi- 
menting with some such thing, he pooh-poohs it, and 
sneers at the man for trying to show himself wiser than 
his father and grandfather and the rest of the village, but 
still airkeep round the corner to see if what he is doing 
will prove of benefit, and, the moment good results 
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occur, they take care to do the same, perhaps saying, 
to save their faces, that they knew all about it, and 
that an old farmer now dead, did the same thirty years 
before. 

There is an old saying that 
“ Clods upon a field 
A fertilizer yield.’* 

But then even the oldest saying must be rightly 
studied, or evil may result from listening to it. So much 
depends upon when you plough and how deep you plough 
as to whether clods will be advantageous or otherwise. 
If a shallow plough merely threw up hard sun-baked 
clods like bricks, little good would follow. The air be- 
tween the clods would be as heated as that on the top, and 
no moisture would result, and consequently no decom- 
position 0? the soil, while the seed bed would be hard 
and unsuitable for sprouting plants. On the other hand 
if the surface were reduced to a fine powder, the first 
watering would cake it, and young sprouting plants 
would not be protected from either sun or rain, and 
would have nothing to cover their roots and support 
their stems, as the water contracted and lowered the 
surface. All this is known to the practical farmer, who 
is frequently told to plough his soil immediately after 
the harvest, and to let it lie over in this state for months 
together. Such advisers forget that, by the time a new 
crop was to be grown, the whole field would be reduced 
to an impalpable powder, and the first watering would 
render it worse than if it had never been ploughed. As 
v/e are treating here only of explanations of what the 
armer does and not teaching him the business which 
has been handed down to him by practical farmers for 
some thousands of years wo are not going into the 
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question of tillage. Each farmer can make small practical 
experiments as to deep and shallow ploughing, shade 
crops, the ploughing of the soil immediately after a crop 
is removed if another crop is likely to follow not very 
long after, etc. The groat point to be brought to his 
notice is that the air can be made to cooly for him, and 
knowledge of this will save him much expenditure, and 
benefit the land greatly. 

Very often the peasant is seem to put into practice 
what science afterwards explains to be the proper 
method. There are two ways, for instance, in which, 
the soil is improved nearly everywhere in India, of 
which one receives the sanction of the authorities, and 
the other is set down as stupidity and woeful 
waste : — I refer to shading the field by such growth as 
Lucerne, and covering the surface of a ploughed field 
with manure for some time before working it into the 
soil. 

Where the field is covered with thickly set leaf 
plants there is a greater fall of dew and a more constant 
exchange of hot damp air which deposits its moisture 
below, the land is not caked by the hot sun, and the 
porousness of the field allows the air to act upon the soil 
to break it up and decompose it, and weeds are kept in 
check. In order to see the effects of ploughing after 
the crop is mown, two fields should be compared, the 
one ploughed immediately after the mowing, the other 
left unploughed. The results of the succeeding crop 
would show the different effects upon the soil of the 
different treatment. Of course different soils are not to 
be treated in the same way. Tlie longer a sandy soih 
is kept under shady cover, the better, whilst clayey soils 
want some exposure after a rough ploughing. It is 



05 


peL’haps foL- the piiupose of better aeratin.i( the soil, 
thouj^h the farmer may not be able to give the reason, 
that manure is allowed to lie on the surface instead of 
being ploughed in wliere soils are heavy. Indian pea- 
sants are often blamed for this on account of tin; loss of 
plant food that is thus allowed to escape into the air ; 
but the question to be settled is whether the loss of tliis 
amount of plant food is not more tlian compensat(‘d for 
by the aeration and tilth the land receives, and we 
should first ascertain this by actual experiment on 
adjoining lields before condemninjr the practicci that in 
many places is time-honoured. One of the points not 
y(}t mentioned with regard to ploughing has not l)een 
accepted by agriculturists hitherto, but the Indian raiyat 
will probably be more inclined to agree that it is worth 
studying than the majority of Western farmers and 
]nen of science. When letting the upper air into the 
soil we also allow tlie air contained within the soil to 
escape. This is of great importance in dealing with 
such weighty (piestions as rotation and fallowing. In 
practical experiments many of our readers may have 
noticed that the same crop cannot be grown indefinitely 
on the same soil. In course of time it first sickens, and, 
later on, a new crop will not grow. The usual explana- 
tion is that the soil is exhausted, that the crops have 
taken from the soil all the plant food it contains. But 
such a reason will scarcely do nowadays when we see 
that in Europe the study of Chemistry and Agriculture 
is brought to such a pitch, that scientists know exactly 
what has been taken out of the soil by a crop (how, will 
be explained in the Chapter on Manures), and put back 
as much food as the crop requires and more. Yet, after 
a time, the sa;iie crop will not grow unless rabing is' 
practised. We must look for some other cause. Every 
5 



farmer knows that one plant has a smell quite different 
from another, and that the odour of the roots is even 
more pronounced. The very soil can often toll you 
what has lately been j^rown in it by the smell left behind. 
Now plants, like animals, have their like-s and dislikes. 
Animals like anddislike each other intensely according as 
the smell is agreeable or not. Some plants grow well 
only wlien they are grown together, and sicken and die in 
the ru'-ighbourhood of others. Some like the neighbour- 
hood of one sort and thrive better near tiiis than near 
any other, and some plants simply will not grow in the 
neighbourhood of others. This may some day be ex- 
plained by the aid of Chemistry. We may find that some 
plants, like certain animals, live on the excreta of others, 
and that some plants sicken and die from what nourishes 
and fattens others. Here we may get an explanation of 
the necessity of rotation, and close observance of those 
plants that get on best in succession to certain others 
must form the constant and earnest study of the pro- 
gressive farmer. The peasant who uses his brains on his 
farm need never have an idle hour in which to worry 
over his lot, and become dissatisfied through envy of the 
people living in towns. 

A great deal of atUmtion may also be given to the 
question of fallow. It was very common in Europe 
before Agriculture was studied as a science, to cultivate 
for two years and then allow the land to lie fallow for 
one year. Though fallowing is still carried on it is now’ 
resorted to only at much greater intervals. It is often 
after 4, 5, or 6 years, and, in some cases, only after 9 
years that an acre is left uncultivated for one year. The 
object of fallowing was expressed in the peasants’ 
words: — “ The land requires rest to get new strength.” 
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1 1‘ you do not manure, your land will become exhausted 
in course o! time, it is true: but if you leave the land 
uiiploughed it will become worse year by year. Any one 
who has seen a Torest denuded can prove this. Whilst 
the land is shaded by the forest trees, the soil is good 
and lit forfurtlier forest growth, especially fonseedlings ; 
but when a space is cleared of trees, the soil gets baked 
and hardened, the air no longer enters to do its work of 
decomposition, and the land is fit for nothing but weeds 
and coarse grasses. With manuring and change of crops, 
little fallowing is required. With or without manure, 
fallowing is necessary when the same crop is grown year 
after year in succession. A careful attention to the 
aeration of the soil, the manuring, and to a proper rota- 
tion, may servo to keep under cultivation millions of acres 
now lying fallow every year. 

Before proceeding to learn something of the com- 
position of soils and the principal plant foods they con- 
tain, we must first learn a little more about the air and 
find out how it acts upon the soil. 

When the wind blows we feel its movement and 
see the gentle flutter of the leaves, and wlien a storm 
occurs we find even big trees uprooted. Ts the air an 
element, i.e., is it a thing that cannot be broken up into 
different component parts, or can w^e find out that it 
consists of a number of different things ? We have seen 
that wood when burnt is divided into w^ater, coal and 
ashes. When boys in school learn chemistry, one of the 
most interesting lessons shows that water is not a single 
substance, but is made u*p of two quite different things, 
viz., two gases, hydrogen and oxygen. As an electric 
current finds its way into the water the latter 
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becomes gradually less and less, till finally it dis- 
appears, and, in the glasses or tubes, instead of water, 
we find two gases that once formed the water. We 
cannot see them for they are like the air, but we can 
prove that they are there. One of them on leaving the 
glass will burn, the other will not. In the first a match 
lighted and blown out but still glowing will not burn 
again but will go out at once ; in the latter it will burn 
into a flame. Here we see two gases instead of water, 
and these two gases have different properties. The air 
also contains a gas, nitrogen, of which we will treat soon, 
and vapour, i.e., invisible steam and carbonic acid. It 
is only when the water which everywhere is being drawn 
up in an invisible form is cooled by the air, that we 
notice it like the fine smoky vapour coming from a 
boiler, which further condenses in the air and falls in 
very fine rain drops, as you may have noticed'if you have 
ever stood near a railway engine, when the driver opened 
the whistle valve, or let out steam at the station. This 
vapour in the air is condensed, by cooling, into dew’, 
and clouds, and rain ; and of the way to cool and con- 
dense it for the fields we have spoken in the 
previous pages. It so happens that the oxygen gas 
in the air is necessary for our breathing. In breathing 
we take the air into our lungs, and when we breathe it 
out it is no longer oxygen, but a compound called car- 
bonic acid, which is made up of oxygen, and carbon or 
charcoal. Oxygen enters our system and warms us up, 
as any quick breathing will show ; but the warmth is 
caused by something burning within us, and this, with 
the oxygen, is cast out of the system, when we 
breathe out. This gas is called carbonic acid. It 
is a gas that will not support human life, and where 
there is much of it and no fresh air, we die. If 
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for instance a room be sealed up by closing all the doors 
and windows and a seegree of charcoal be kept lighted 
for some time, say through the night — it causes a 
heaviness, followed by unconsciousness, and death. 
Iwen in a crowded room breathing becomes difficult, 
and persons who are not strong faint. If you burn a 
candle under a glass dome, it will continue to give a bright 
light for a short time, after which the llame will get 
hliirred and finally go out. For burning we require the 
oxygen gas of the air. As long as fresh air is admitted 
the burning continues, and the more fresh air we allow 
into the flame, tlie better it burns, because there is 
always a fresh addition of the oxygen gas of the air to 
help on the burning process. But under a closed jar the 
oxygen of the air is soon used up in the flame and i 
combines with the carbon given off by the burning article 
to form carbonic acid gas, and, when there is no more 
oxygen, the flame dies out. If, now, yon take so.me lime, 
and shako it up in water, and tlien filter it into another 
glass it will appear clear like any other water; but pour 
this into the jar in which the candle liad been burnt and 
which went out after a time, and you will find that 
there is still lime in the water and that it takes on a 
milky appearance owing to its combination with the 
carbonic acid gas in the jar. If you blow into similar 
lime water ih(? sann^ will occur, proving as we said before, 
that the air we breathe out is the product of oxygen and 
some of the carbon or charcoal within our system. It is 
bad for man, but it is necessary for plants, which, to 
build up their frames, breathe in the carbonic acid, and, 
under the influence of sunlight, perform a w^onderful 
chemical action. They retain the carbon to build up their 
bodies, and breathe out the oxygen to give fresh air for 
the use of men and animals, who again breathe in pure 
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oxygen and breathe out carbonic acid. Is it not wonder- 
ful how everything in this world can be of use ! This 
is the food that plants get from the air. Now this has 
been brought in here not for the teaching of Chemistry, 
or to introduce a chapter on plant life, which will find 
its place later on in this book, but to point out that 
the carbonic acid can do a great deal in aiding plant 
life, and to show that the oxygen of the air easily com- 
bines with other things and helps to break them up, des- 
troying even hard things like iron by the rust formed 
when the meUl is exposed to the air. In the same way 
the oxygen of the air combines with substances of which 
rocks are formed, and thus breaks them up, and where 
pure oxygen does not affect certain stones, carbonic acid, 
especially in water, does the work effectively. When 
we learn more about the component parts of. rocks and 
other substances, and how certain acids and salts help to 
reduce ‘these to the substances of which they are 
made, wo will understand how plants get their 
food from the earth. In this chapter, and for my pre- 
sent readers, I will not treat of these subjects, except to 
mention that it is as easy for the chemist to tell us 
what a rock is made of, as it is for the farmer to learn 
that wood contains water, coal, and ashes. Where we 
see granite rocks we know that the soil ought to contain 
much potash, an important plant food contained in ashes^ 
and where only basalt rocks have formed the soil, we 
know that the quantity of potash in the soil is about one- 
fifth of that contained in the soil made up of decayed 
granite rocks. This is important information, and we 
will learn more about it, when we make a study of Geo- 
logy and Chemistry, in so far as they help Agriculture 
and farming. 
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There are also quantities, in the air, of a gas called 
nitrogen, one of the most important of plant foods ; but 
so far as we know at present, it can be used directly from 
the air as food only by those plants which come under 
the class of leguminosaB, most of which have butterfly- 
shaped flowers like the pea and the bean, etc. But this 
will be more fully treated of in the Chapters on Plant 
Life and Manures. 


The Soil. 

If I were to ask you to learn something of geology, 
I should probably hear from one of my listeners that he 
was deeply interested and would attend the next day, but 
that, just at pre^^ent, his cow was ill, and his presence 
was required at home. Another would want to attend to 
the thatch of his house and so on. But when I say we 
shall now consider the soil and the way in which 
different soils are formed, you do not got afraid of big 
words and great learning, and you wish to hear about it, 
the more so if you find it will lead to something practical. 

You see some parts of the country flat, others 
undulating, others again with hills and mountains, and 
want to know how all this occurred. Some places are 
barren, whilst others are fruitful ; and you will perhaps 
be surprised to learn that this depends upon the nature 
of the rocks from which they were formed. We can learn 
how these stones were made, and how they were broken 
up, and consequently how the present fields you cultivate 
took shape, and were rendered fruitful. Geology teaches 
this formation of the rocks from which our soils have been 
built up. 
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The earth was once a fiery body like the sun. It 
was very much larger than it is now, hut not so compact. 
In course of time it began to cool, and the cooling was 
first seen on the surtace. Years after the surface or 
crust had cooled, the interior remained very hot. You 
see this every day. A chapatti just off the fire may be 
handled without difficulty, because the outer portion cools 
rapidly, but when you break it, you find the inner portion 
is far hotter. If you take a loaf of bread that is just 
nice and warm outside, it may be steamy inside. If you 
allow your cunjec to stand for some time, the top will 
cool and cake over, but when you remove this caking 
you will probahl}^ find it far too hot to take. There are 
mountains at the present day, in various parts of the 
world, that throw up ashes, and e\am molten matter tliat 
runs down the sides in deep wide streams. In a few 
days the surface of this stuff that came out looking like 
molten -iron, becomes (mid, and appears like ordinary 
rock; but for years after, if you were to dig down into 
the mass, or an (3pening should he som(3where formed in 
it, scorching steam would ascend, enough to burn you. 
In the same manner, when tlie great molten mass 
foi’uiing tlu3 earth maiiy ages ago, began to cool, the 
sill face hardened, while tlie interior is still intensely hot, 
as may be learned from the volcanoes, and tlie geysers 
or liot springs to he found in different countries. The 
cooling id' the surface caused a compression of the 
moi.stiiro-laden atmosphere over it, as explained in the 
last chapter, and moisture was deposited. This went on 
till the globe was covered deep in water. Here shell-fish 
grew in abundance, in different parts, as we see nowa- 
days on the sea-shore, and marine plants died and 
decayed ; and more shells and fish followed, and more sea 
plants, only to add to the heaj), till, in thousands of years, 
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great depths of such accumulations existed, and the 
pressure of these immense masses hardened them into 
rock. In the meantime, the cooling of the earth in the 
interior was going on slowly, and the outside pressure on 
this crust increased. What was likely to ha])pen soon 
took place. The contraction in cooling made some parts 
rise as the others fell, and the raised parts appeared 
above the water forming land and sea, and, even on 
the land, hills and valleys and lakes. The rain and 
the running water scoured the sides of these raised hills 
and mountains, and, when water got into the crevices, 
and, in turning into ice expanded, it broke off huge pieces, 
which were tumbled down the hill-sides and broke 
into smaller pieces, and these were rubbed against each 
other in the streams and were rounded and ground down. 
The larger blocks are found where these rivers begin ; 
further down they become smaller and more rounded, and, 
further again, they grow smaller into pebbles, and finally 
into little particles of sand, which are carried off mixed 
with the muddy water and either deposited in the sea, or 
lakes, or, on the overflow of rivers in flat countries, on 
either side of the hanks, till the water being undisturbed, 
they finally settle down just as mud stirred up in a glass 
of water, after hours of rest, gradually sinks to the bottom 
of the glass. Thus after many thousands of years, high 
mountains were worn down, lakes filled in, and, at the 
seaside, accumulations of earth formed fine alluvial soil, 
such as you will find at the mouths of rivers, which arc 
finally divided as they enter the sea by the great amount 
of sand and mud they bring from the mountains far 
away. Thus we have different rocks formed.- Some 
started with the first cooling of the upper crust of the 
earth like granite and similar rocks that are found 
plentifully on the Madras Railway from Wadi downwards 
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towards Madras and the Eastern Ghauts. Others were 
thrown up in a molten state like the Western Ghauts. 
Others again were built up of shells and marine growths, 
and, like the other rocks, were forced upwards, as the 
earth cooled and contracted, forming hills and dales. 
These hills in turn were washed by the rain, the rocks 
were broken up, tumbled about by the streams, and 
ground down, till the water contained fine floating 
particles like muddy water in a glass, which, as soon as 
the water lodged in a hollow, settled to the bottom, and, 
in course of tiir 3, filled the hollows with fine earth, such 
as is found in the valley of the Ganges, where, for miles 
upon miles, a stone big enough to knock down a mango 
can scarcely be found. 

If we know what the various rocks are composed of, 
we can easily judge of the soil, without even seeing what 
is a foot below the surface, though it is alv/ays better to 
learn from the places worn away by streams and the land 
dug up in sinking wells, what sort of sub-soil we have 
below the field we cultivate. 

When the rocks begin to break up, all the parts of 
which they are composed do not fall to pieces at the 
same time. Where iron is contained in the stone the 
action of the oxygen of the air upon it causes rust, 
and we find the surface covered with a ruddy crust. 
If they contain lime also, this will be easily washed away 
by water. Only when these have been washed out will 
other parts of the rock fall into pieces, and this process 
we see dn the rocks that form the Deccan trap, and 
we are consequently not surprised to find below the 
black cotton soil, a layer of Kunker and a great depth 
of red soil. We can also learn the quantities of potash 



and phosphoric acid, t wo important plant foods, contained 
in these soils, and we judge that such soils are good 
even before a plough has opened them out. 

When along the East Coast between the Ghauts and 
the sea, and in many parts of Southern India, we come 
across usur, or kullar, or soudu soils, we ask ourselves 
whence the rivers come, and then we find out what rocks 
are decomposed, and further that these rocks must 
contain a great deal of soda, which, in combination with 
carbonic acid, or sulphuric acid, form carbonate of soda, 
such as you see in the South, and sulphate of soda further 
North. The water carries the soda out of the rocks and 
deposits it in lower lands. The sun dries up the water, 
and the soda compounds remain in the soil below. When, 
after years, a great accumulation of soda has taken place, 
if the soiljs heavily watered and cannot be drained, the 
salts are brought to the surface by capillary attraction (ex- 
plained before), and, as the water is carried off in the form 
of vapour, the salt encrusts the soil. When you know 
this, you do not wonder how the soil is hopelessly bad, or 
becomes so, in course of time, below many tanks or 
canals, but you will turn your attention to remedying 
the evil, and this you- can do only by drainage and what 
is learnt from a study of chemistry. 

You will now understand that different soils are 
formed from different rocks, and, having found that air, 
warmth, and moisture break up huge rocks, you will 
easily believe that the same forces will break up the 
smaller stones, pebbles, and gravel, that underlie your 
fields, and you will get the air to do the work of breaking 
these up mechanically and chemically (as has been 
explained before), and of supplying you with more soil, 
containing more food for your crops. 
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Besides the mud and sand and "ravel that form the 
soil, a most important part oC the upper surface is the 
humus, or that portion that contains decayed vegetation. 
When small plants grew in numbers they died and decay- 
ed and others sprang up, till, in course of time, heavy layers 
of di^cayed leaves and roots were formed. Sometimes in 
lakes and swampy places plants grew with their roots in 
the earth or water below and their leaves above, and 
th(*se died, and others took their place, till the lake or 
hollow gradually filled up. When, in course of time, other 
earth was washed over this place, and rocks accumulated, 
tlio d('cayed vegetation was pressed into a compact mass 
tliat formed the coal now dug up for the boilers that 
drive engines. In other places the rocks did not cover 
and press uj on these filled hollows, and the soil is so 
made up of d(‘ad roots and leaves that it is cut into blocks 
like bricks, dried, and used in the house as b'^abties 
are used in India. Such land must be drained and 
treated with lime before it is fit for cultivation. Where 
the hill-sides are covered with forests, the rain brings 
down soil by degrees into the valleys below, but where 
the hills have the trees cut down, the soil is washed 
away alLogetlier and nothing but bare hills remain, and 
even tlie soil is carried away down the streams that 
exist or are thus formed. 

Ties is no nuu-e theoretic statement. We see it 
going on all over the world. In South Africa, for 
instatice, dO yt'ars ago, the Ongars or Brak River in Cg^po 
Colony did not exist, but, owing to the constant burning 
of the bush and grass of the veldt and the destruction of 
the vegetation wliich held bark the rain water and 
allowed it to move down grain illy and harmlessly, the 
land was scoured, and now we liave a river with a channel 
dOO feet wide and 15 feet deep. 



Another evil arising froin the ruin of forests is that 
the water, instead of going down gradually towards the 
rivers and thus always keeping them flowing within 
their banks, rushes across the bare slopes to the river, 
causes an overflow after heavy rain, and in a few days, 
after great damage is done, leaves the river bods dry. 
The depth at which water is to be found is also lowered, 
when, instead of being stopped by the roots of the trees 
and finding its way gradually below the ground, the 
water rushes off the surface to the river and to the sea, 
without sinking into the land around to raise the water 
level. 

Much, however, can be done in tlu^ absence of forests 
by the bunding of streams with loose stone dams at 
short distances so that a certain amount of the rain 
water may be retained, and, percolating through the 
soil, prevent the gradual but otherwise inevitable 
lowering of the sub-soil water level. 

Now, in forests the trees grow and die down, 
and nothing is taken ol’f the soil. The plants get their 
food partly from the air and partly from the land. But, 
as in dying down they give back to the soil what they 
took from it, vegetation can continue for years and 
years, and a better soil be formed in course of time. The 
roots, going deep, bring food from below into the leaves 
and branches and trunk, and, when these wither they 
add to the humus of the surface. In our fields, however, 
something different occurs. We sell not only the grain 
grown, but often the stalks, as in the case of kadbi. So 
much is taken off the land in this case. By degrees the 
food contained in the soil is exhausted; and, as plants 
cannot live alone on the carbon they get from the air, 
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crops l)e^in to fail, and finaliy the land does not return 
even the seed put into it. So we see we must put back 
what the ])larits have taken away fmm the soil. If you 
take money, or rice, or anything else, from a box, be it 
ever so little at a time, that box will sooner or later be 
em2)ty, unless you put sometliin”' in occasionally. The 
land is the store-house for the food of plants. If you 
grow crops you take so much from the store, and unless 
you put some plant food back into the soil, it must in 
course of time become so poor that it can give you 
nothing in rc'turn for your labour. But, before we go 
into the question of plant food, let us consider the various 
sorts of fields we have, and their value for crops, 
as judged by tlieir mechanical texture or their 
chemical composition. And first we shall begin with a 
mechanical analysis, mentioning some of the component 
parts that help to feed the plants. Nowadays associations 
are started in many parts of India with the object of 
introducing the newest ideas of Western agriculture in 
order to obtain from the land the best return, at the 
least possible expense, without doing any injury to the 
fields. When the Department of Agriculture or the 
Agricultural Associations are asked questions, which 
farmers find difticult to answer, they generally require 
an idea of the land upon which th^. crops are grown, 
and, for this purpose, it is advisable to have fields 
classified, according as theyfall under one of the five 
heads, viz., Sand, (i ravel, Ijoam, Clay, Lime and Humus. 
Of course it is not often that you can get soils that you 
can strictly classify as pure sand, pure lime, etc., but as 
one of the five substances is more plentiful on the farm^ 
we classify the area under that head, and others, where 
the mixture is decided, we place under a class combining 
two of the headings, such as Sandy loam. 
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It is ^oocl to know (1) the nature of the surface soil 
and (‘2) the sub-soil, or that which lies below the upper 
layer whether it he a h‘W inches or many feet below the 
surface soil. 


Soil is termed Sandy when it contains no clay at 
all or up to 10 per cent, and the rest is sand. To test 
it, take up some soil and dry and weigh it, then 
place it in a glass, pour water upon it, and sluake it up 
well. Allow it to settle till the sand falls to the bottom, 
and pour off the muddy mixture into another glass and 
let it rest till the clay settles. Finally pour off the clean 
water carefully and allow the clay to dry. Weigh the 
sand and clay separately and you will have the propor- 
tion of one to the other. Sandy land may appear 
absolutely^ useless soil to the farmer, and so it is if no 
manures are used. But, in America, some of the best- 
paying crops are raised on almost pure sand, such as 
the excellent oranges they send to Europe the 
pine-apples canned and sold all the world over, and 
the finest grades of tobacco used for cigarettes and the 
best cigars. Gravelly soil has larger particles of stone 
than sandy soil, but, though poor, it can be treated in 
the same way, and though it requires heavy manuring, 
it can be rendered useful for several crops. 

Sandy Loam. —When to A of the sandy soil 
is composed of clay it is called a Sandy Loam. It is a 
good open soil and easily worked. 

Loam . — A Loamy soil contains 40 to 70 per cent, 
of clay, is an excellent mixture of clay and sand 
and gives good returns for most crops. 
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A Giaijeij Loom contains 70 to 85 per cent clay. It 
is harder to work, but, as a rule, contains much potash, 
a most useful plant food. 

ffearij Cbiij contains 85 to 95 per cent clay. It is 
very hard to work, is cold, and requires deep ploughing 
and good drainage to give good returns. 

All these, soils may contain humus, or the covering 
of decayed l(javes and roots, that are general 1}^ found on 
tile surface of good soil. To test for this, after drying 
and weighing Mie soil, it must be heated, and the veget- 
able matter will burn away, leaving the mineral matter 
behind. The difference in weight in the v/ell-dried soil 
before it is burnt and the remaining soil after the burn- 
ing, making a slight allowance for the water driven off 
in heating, will show the percentage of humus. Heavy 
cattle manuring adds considerably to the hiunus on all 
soils, and renders them moist and rich. 

A very important point in recognizing the value of 
good soil is its ability to absorb moisture. According to 
Schubler, 
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Of course the finer the soil is, the more water will it 
absorb, and this explains the value of good tillage where 
the w’ater is not plentiful. The more water absorbed 
by the soil, the more will afterwards be drawn up to the 
surface by means of capillary attraction, as we have 
explained before, provided the surface is kept loose by 
ploughing and harrowing, or by the action of the air 
when the field is protected and cooled by leafy plants. 
You can generally tell the value of a soil by the amount 
of water it can absorb. 

Sandy soils soon lose their water, while heavy clays, 
which are composed of far finer earth, allow of a slow but 
constant capillary action. Stamp the sandy soil well 
down and you will lessen the width of the capillary tubes 
and lengthen the time the soil remains moist, but if you 
do the same to clay, you block up the very fine capillary 
tubes that draw the water to the surface, and prevent 
the upward action of the water. Sandy soil, conse- 
quently, requires less ploughing and harrowing, while 
much greater pains, deeper ploughing, and more con- 
stant harrowing are required to keep clay soils in good 
condition, and to render the harvest bountiful. 

But though the alluvial soils along the banks of the 
Granges and the other rivers flowing through the immense 
plains below the Himalayas may be sub-divided into 
sandy, loamy, clayey, etc., we generally classify Indian 
soils under four great headings, owing to their marked 
unmistakable difl'erences. They are;— (1) Alluvium, (2) 
liegur, (3) the Tied Soils of Madras and (4) Laterite, and 
these occupy the greater part of the cultivated land in 
India. Spreading from the Panjab right into Assam, 

we have the Gangetic alluvium, brought down from the 
6 
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mountains and deposited as fine earth in the hollow 
between the Hiilialayas and the plateau of tlie Deccan, 
along the valley of the Indus and the whole course of the 
river to the sea, liajputana where it is not buried in the 
sands, the strip west of the Ghauts in Northern Bombay, 
and the Tapti and the Godaveri, Kistna, and Tanjore 
Districts. Scarce a stone is to be found in the soil. 

The Kegur or black cotton soil is familiar south of 
this. It has undoubtedly given harvests to Indian farm- 
ers for ages, luthow much fallowing had to be resorted 
to in order that it might continue fruitful is a question of 
which we do not know much. Although its dark coloui 
would lead one at first to believe that the soil is rich in 
humus, analyses show that such is not the case, and Dr, 
Leather is convinced that it is due to soipe mineral 
substances. 

It is found in the Bombay Presidency, Berar, the 
Central Provinces and the Mahratwadi portion ol 
Hyderabad. 

Iron exposed to the air causes the red colour which 
we see in the red soils of the west and south of India 
They do not contain much’ phosphoric acid, and this 
should be plentifully supplied to them by means that wil 
be mentioned in the chapter on Manures. 

In different parts of the Peninsula, especially ir 
Madras, Mysore, South Eastern Bombay, the Easterr 
half of Hyderabad, the centre and east of the Centra 
Provinces, and parts of Bengal, the soil has been formec 
by the decomposing of gneiss, a rock allied to granitt 
and very similar in chemical composition. Where th( 
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kind is light coloured in these places, it is generally 
unproductive, but the yellow clays and the reddish- 
brown loams are fertile. 

The laterite soils though red are to be distinguished 
from the other red soils, as they are composed of a little 
3 lay and much gravel of red sandstone rocks, and do not 
result from the breaking up of such rocks as the trap 
)f tlie Western Ghauts. They are, as a rule, miserably 
poor soils, and contain scarcely more than a trace of 
phosphoric acid, which, as we shall see, is most impor- 
tant as a plant food, especially in the formation of grain, 
the fruit of cereal crops. 

Along the southern portions of the Eastern Ghauts 
we find unmistakable laterite soils, which are almost 
worthless for agriculture, such as the land round 
tlhinglopet. 

In Europe so much manuring has been done that 
we cannot well compare th analyses of such soils with 
the seldom manured fields of India. But we learn from 
the analyses that manuring is far more necessary in 
India if we wish to have anything like the crops obtained 
n Kurope. 

Maercker has made the following classification, 
which will be more easily understood when we learn the 
^alue of the various plant foods. The chief substances 
^hat are not plentiful in soils, but are required most by 
plants, are nitrogen, phosphoric acid, and potash. 
Maercker, a great authority in Europe on Agricultural 
matters, states : — 

Soils are poor when in every 10,000 pounds of the 
surface soil (the first six inches) we find 



84 


* 

Tolerable when the 
amounts of these 
substances range 

Nitrogen, 

5 lbs. 

Phos. acid, 

5 lbs. 

Potash, 
5 lbs. 

from 

5—15 

5—10 

5— 1C 

Normal 

15—25 

10—15 

10—15 

Good 

25—40 

15—25 

15—25 

Kich over 

40— 

25— 

2.5— 


Of 12 Indo-Gangotic alluvium tyj^cal soils only two 
come within the normal standard, 7 would be classed 
poor, and 3 would just come under tolerable as regards 
nitrogen. Phosphoric Acid was poor in 6, tolerable in 4 
and normal in 2, whilst the potash was abundantly rich 
in nearly all the analyses, though how much of this was 
in a state fit to be dissolved and taken up by the 
plants as food, it would be difficult to state with certainty. 

The same may be said of the alluvial soils in other 
parts of India. 

2. The Pegur soils analysed by the Department of 
Agricultiue refer only to the Madras Presidency. Though 
many imagine these black soils are rich in humus, this 
does not appear to be the case. Like most other Indian 
soils, even the best rank among poor soils in their con- 
tents in nitrogen. It is perhaps owing to the rapid dis- 
integration under a hot sun that the unmanured soils 
produce harvests. We must also remember the frequent 
periods of fallow to which they are subjected to under- 
stand how it is that they give any crops at all after sc 
many hundreds of years of tillage and practically no 
manure. There is no doubt, however, that the crops can 
be immensely improved by manuring. If we considei 
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the poor soils in America in which such heavy crops are 
raised, we see the immense benefit derived from scientific 
fertilizing. The potash throughout India is plentiful, 
and, though by no means as abundant as in alluvial soils, 
Indian lands are far richer in potash than those in Europe. 
How far, however, the potash is in a state such that the 
plants can make use of it, one cannot say. But even 
where potash appears plentiful in the soil, it is not always 
ready for the plants to take up, and potash salts, such as 
those from Stassfurt in Germany, generally show very 
good results, even when added to fields apparently rich 
in potash. The farmer knows this, for he uses ashes, 
whenever he can, for his lields. 

According to Otto, in his work ‘‘Agricultural Chem- 
istry,” there is no plant food that shows the quality of 
the soil better than phosphoric acid. It is true that a 
great deal of phosphoric acid alone would not suffice to 
raise good crops, but we invariably find, as a matter of 
fact, that all rich soils are noted for the great amount of 
phosphoric acid they contain. The amount in such soils 
generally ranges from 1 to 2 lbs. in every 1,500 lbs. of 
the surface soil. As a rule, when the land contains 
i lb. in 1,000 lbs. of phosphoric acid the addition of 
manures containing this ingredient shows little or no 
result. When it contains less, manures containing phos- 
phoric acid should be employed, if we wish to get from 
the land the most it can give us. 

There are other soils in India, many millions of acres, 
scattered over the country, that are totally unproductive 
because they contain excessive quantities of soda in 
combination, such as carbonate of soda and sulphate of 
soda. These are generally found in places where the 
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rainfall is light and in hollows that cannot easily be 
drained. In large plains like the Punjab such tracts are 
frequent, and, when irrigation is introduced, the soil 
becomes worse, unless drainage accompanies it. The 
salts have for ages accumulated in the land, and as water 
is introduced, they are brought up as the water moves to 
the surface by capillary attraction. When, as vapour, 
the water goes into the air, the salts are left behind on 
the surface, and kill all seedlings. Besides good drainage 
a study is required of those chemical substances which 
will release the soda from the other materials with 
which it is combined. Lime is helpful to change the 
clay from the soft pasty state to little grains that will 
allow air and water to penetrate below the surface, and 
sulphate of lime and potash will probably, in the case of 
carbonate of soda, release the carbonic acid, rendering 
the soda not only harmless but even useful to vegetation. 
A study of other chemical combinations jnay be as useful 
in the case of soils impregnated with sulphate of soda. 

That even good soil becomes exhausted in course of 
time and refuses to return harvests that repay the 
expenditure is evident from the history of all newly 
populated countries. The virgin soil at first gave bumper 
crops without any manures, but, in course of time, 
notwithstanding careful tillage, a decided fall in the 
return was evidenced, till the necessity of manuring was 
patent, and the land recovered slowly, and in course of 
time gave harvests as plentiful as those obtained from 
land just brought under the plough. The most careful 
experiments, carried out over a long period, show that 
the same crop grown on the same land will gradually 
become smaller, and that when manure is riot used the 
returns, originally much less than the fertilized plots, 
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drop, till it is a question how soon they will not repay 
the seed and the labour. 


On soils where wheat and barley were grown for 
over 30 years with and without manures we see the 
difference in results: — 


Wheat. 


Barley. 


Uumanured 
Gorapleto artificial 
Porbilizor .. 


1877— 8G 
17*4 bushls. 

82*3 


1899—1908 
11*1 bushls. 

: 23*4 


18r7— 86 ! 1899—1908 
26*9 i 12*6 * 


: 40 \) 


■ 38 3 


But there are other points to be recommended when 
dealing with soils. It is not merely their mechanical 
texture or their chemical composition that must be taken 
into consideration. One of the most important agricul- 
tural studies of the last decade has been the science of 
bacteriology. The earth is full of life so small that we 
cannot see its forms with the naked eye. In a handful 
of earth there are millions of plants, less than the nine- 
thousandth part of an inch in size, called bacteria. These 
grow and divide into two, and then grow and increase by 
dividing, till in 24 hours, some millions may be generated, 
unless kept down or destroyed by another species. Many 
are exceedingly useful to our crops. I point this out 
not to treat of this subject in this little book, but to 
draw the attention of those who wish to learn more of 
this particular branch of study. They will find it deeply 
interesting and practical, for, amongst other things, it 
will explain to them why it is unnecessary lo use certain 
manures for such plants as bear butterfly shaped flowers. 
They will then see that certain bacteria draw down the 
nitrogen from the air to feed themselves and the plants 
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in whose rootlets they build nodules for their residence. 
It will also help in explaining why cattle manure can be 
preserved or destroyed by a knowledge of the action of 
these minute organisms, and perhaps aid in keeping 
houses and their surroundings pure and healthful, and 
ward off diseases so common in the country. 


The Plant. 

Plants are living things. They feed, grow, multiply 
and die. Special parts of the plant carry on different 
sorts of work, and the particular part that does such work 
is called an organ, and the work done by an organ is 
called its function. To understand only a little of what 
goes on during the growth of a plant requires a very 
great knowledge of Chemistry. J3ut we can learn a 
certain amount without studying this science; at least 
enough to help us in the practical work of the fields. 

As we learnt before, seeds will not grow without 
heat and moisture ; but when they obtain this they ger- 
minate or start growing. Now examine the seed a little 
more closely. It contains within it, often at the side, a 
littl(^ speck which is the portion that contains life and 
will develop under the right conditions of heat and 
moisture. The rest of the seed has no life. It contains 
the lood for the young plant and the covering to protect 
it. When the seed sprouts, we find it grows in two 
directions, the plumule forces its way into the air, for it 
contains the budding leaves, which want the light and 
will get .a great part ol their nourishment from the air, 
and the radicle which grows downwards as the root, 
cowewd with fine hair-like rootlets, which seek tbe rest 
of the necessary plant food from the soil. 



89 


Now we shall examine the leaf to see how this 
carries on its functions, and shall study the root and the 
work it does below the ground. 

Look at the inside of an orange and you will see 
that the pulp is contained in fine skins ; press the outer 
skin or rind of an orange and frojn the little holes or 
glands you can squeeze out an oil that smarts the eye when 
it is squirted into it by a mischievous child. Now take a 
microscope (an instrument that makes things look a 
great many times larger than they are) and you will find 
that these glands lie amongst cells. In the orange pulp 
we find the cells contain a juice, sweet when the fruit 
is ripe, sour and bitter when it is unripe. Leaves con- 
tain similar cells with openings like the pores of the skin 
between these cells. These are found principally on the 
lower side of the leaves, and it is from them that the 
water taken up by the plants finds its way back to the 
air as vapour. This process is called transpiration. A 
small leaf will contain about 100,000 such pores or stomata, 
and so a very large quantity of water is transpired through 
the leaves, though ever so little escapes from each pore. 
The whole plant is made up. of cells which consist of a 
thin sack which is dead matter, and the cell contents with- 
in the sack. The chief of these is protoplasm. We saw 
that in the seed there was a living portion which grew un- 
der favourable conditions, and the dead food which enabled 
this living portion to grow. In the cells we have some- 
thing similar, a nucleus or centre of life and the sap or 
food taken up by the plant to feed that living nucleus. 
But how can these cells be fed if each cell is, as it 'were, 
contained in its own separate bag, and the plant is made 
up of such'r^ How do they grow, how increase, and whence 
do they get their food ? Bear in mind that plants take 
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liquid food from the soil. It must be given to them in 
the form of water, though the water is not pure but mixed 
with various substances that help to support life. How 
life is generated no human being can tell. All we know 
is that from one life another comes. We can, by 
Chemistry, learn what forms protoplasm that contains 
the seed of life, but that does not help us much. We 
learn for instance, that it is composed of hydrogen and 
oxygen, which are the gases that form water, carbon or 
charcoal and nitrogen, and sulphur. But with all these 
at our disnosal no life can be made from dead things. 
To support this life of plants, food is required, and 
part, as we have seen before, is obtained from the 
carbonic acid in the air, and part from what is obtained 
from the soil. To understand how the water containing 
ingredients mixed up with it in the soil finds its way from 
cell tocelliii the roots, and right up the stem to the leaves, 
tlov/ers, and fruits, we must make a little experiment, 
which will render clear the action which takes place 
and is called the Law of Osmosis or Diosmosis. When 
treating of the air we saw that air heated at different 
tcmpei’atures cannot exist quietly side by side, but 
movement results of the cold to the heated air and of 
the heated air to the cold air, till both are of the same 
temperature. In the same manner if similar fluids 
are separated by a thin material like a bladder, move- 
ment begins and the one fluid passes into the second 
and the second into the first, and the movement 
continues till on both sides of the dividing material 
the fluids are balanced. This is exactly what occurs 
with the root cells forming the plant. The water con- 
taining various salts, that help to support plant life, 
is thus carried up from cell to cell, and finally when 
it has deposited the salts along its route is transpired 
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from pores or stomata, in the under part of the leaves. A 
most extraordinary occur rence, and one that no science 
can yet explain, is the wonderful power plants have of 
selecting the salts and rejecting others, as we see from 
the colours and smell of plants and flowers growing in 
the same soil, and the resulting fruit, such as the 
various crops grown on the farmer’s land. How these 
salts are combined and changed we do not know. The 
greatest chemist’s laboratory does not show anything 
like the remarkable work going on within the plant 
during its lifetime. A part of this water, laden with 
salts, carries food into the interior of a cell and so it 
goes from cell to cell with wonderful rapidity ; and part 
also is carried along the outer cell walls and finally is 
transpired through the leaves, after all the nourishment 
has been drawn from it by the plants. 

Nobody yet understands all the wonder of plant 
life. You will naturally ask if the cells become bigger 
and bigger and thus make the tree grow. Such is not 
the case, or you would have all the plants and trees 
with great hollows in them. 

After a time, as the protoplasm or living part within 
the cell grows, it divides, a new lining is formed 
between the two particles of pbrtoplasm, and thus there 
are two cells where there was one before. This 
splitting and increasing in the number of cells goes on. 
at a very great rate, and, as the old cell walls harden 
many of them die as new ones are formed, and we have 
the solid interior wood of the tree. Remember that all 
the cells are so small that it wants a microscope to see 
them. It would be very interesting to all farmers if 
there were^ a microsope in each village school, and the 



children had the opportunity of learning how to use it. 
Little harmless looking specks would then be seen as 
what they are, viz., quickly increasing communities of 
animal life eating away the very essence of the plants 
on which they live, or vegetable life exhausting all the 
sap of the plant on which they grow. 

We have seen that there are openings between 
the cells of the leaves, which serve, like the pores of 
our skin, to help transpiration. Can we prove this ? 
Yes, vcL'y simply. Take a leaf and place the lower side 
on a piece of tin and, after a few seconds, remove it, 
and you will see that the vapour escaping from the leaf 
has been condensed by the cool tin, and appears where 
the leaf lay, as little drops of water. Turn the other 
side of the leaf on the tin. There are few, or no 
stomata there and conseciuently we do not expect to 
find any water ; but a little will be seen by the escape of 
some vapour through the thin covering of the cells on 
the upper portion of the leaf. Thus the food taken up 
in the liquid state is retained in the plant and the water 
transpired. But, besides breathing out water vapour, 
plants take carbon from the air to build the coal we 
find when the plants are burnt. Though air containing 
much carbonic acid is injurious to animals, it is food for 
plants, and as we said before, plants take in the 
carbonic acid and, in the sunlight, decompose it, 
assimilating the carbon and breathing out the oxygen. 
This can be proved if you breathe into a glass turn it 
upside down in water, and place a plant in the glass. 
In the sunlight, m coarse of time, though no change 
seems to bake place, the breathed air containing car- 
bonic Jicid will not l>e there, but only pure oxygen will 
remain, for a lighted match introduced will bujm brightly 
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although if put into the bottle before the experiment it 
will go out at once. If not kept in the sunlight no 
change would take place in the air within the bottle. 

Besides water and carbon from the air we have 
seen that the plant takes up various substances 
from the soil, such as zinc, which, with water 
and air, forms in combination with iron the green 
colouring of the leaf, carbonic acid, nitrogen, sulphur, 
lime, phosphorus, potash and a great number of other 
metals. Of these substances most soils have an abund- 
ance for plant life, but the chief needs of the plant, as 
we shall learn in the next chapter, are nitrogen, phos- 
phoric acid, potash and lime, and these are seldom present 
in sufficient quantities in the fields where crops have- 
been grown for a long time. 

You know from experience that as wood dries it 
loses its weight. A great part of it is water. When 
wood is burnt smoke arises, and coal and ashes are left.. 
The smoke is the partly burnt wood escaping into the air, 
the coal is the carbon, and the ashes contain that portion 
of the plant which has been obtained by the mineral or 
earthy portion of the soil. Men of science can, by 
means of Chemistry, analyse the ashes, and find out how 
much lime, phosphoric acid, potash, etc., is contained in 
them, and thus tell us what is taken out of the land by 
the crop. These substances are again produced by the 
breaking up of the soil into its component parts through 
heat and moisture, but this process is slow, and we find 
ourselves forced to put in these substances as manures 
if we wish the land to continue to be fruitful and to give 
abundant crops. The same analyses can be made of the 
manures and fertilizers used, so that, when we know 
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what the crop takes from the soil, we can use fertilizers, 
and grow crops on even the poorest sandy soils, such as 
the orange, pine-apple and tobacco soils of America, that 
by such means are made to pay much better than excellent 
soils in India, which are not so carefully and scientifically 
treated. 


Manures. 

The food useful and necessary for plants must be 
placed at their disposal if there is not a sufficiency i?i the 
soil. This is called manuring or fertilizing. 

In the jungles plants grow and die and go back into 
the soil from which they rose, and nothing is lost ; 
consequently no manuring is required. In course of time 
the roots go deeper and deeper into the subsoil and take 
up the food into the roots, stem, branches and leaves, 
and when the loaves decay and fall they add to the fruit- 
fulness of the upper surface, making a rich, porous 
humus, containing all the young plants require. And 
so, as time goes on, the soil is improved, and the young 
trees of the jungles grow better still. 

But this is not the case in our fields. We take away 
the corn and probably sell it, and even much of the stalks 
is disposed of away from the farm. By degrees, there- 
fore, it may be very slowly at first, the land begins to 
show signs of poverty. Virgin soil is generally rich and 
gives large crops, such as the lands populated in 
comparatively recent times in Oaaada, Australia, and the 
more Western of the United States. But even in such 
counories it has been discovered that farming scarcely 
pays unless manure is used, for the land has had so much 
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of the plant food taken away by the crops, that the 
farmer must add it if he wants a good harvest, 

What do plants require as food ? The first thing that 
will enter your mind is ‘ cattle dung ’ and ‘farm refuse/ 
It is true that these are excellent fertilizers; but can we 
get enough of them anywhere ? If in Europe, where 
the animals are stall fed and carefully looked after, there 
is not enough for the fields, can we expect a sufficiency 
in India '> Only the garden crops, or those that can 
be watered from a well or canal, are treated with farm 
yard manure, as a rule. 

Now what is 'it that plants require for their food 
and how much of it is to be found in cattle dung or farm 
yard manure, that acts as food for plants? 

It is extraordinary how’ many things are required to 
build up the body of a single plant. Any number of metals 
are taken up in the form of salts dissolved in water. 
Most of these, however, arc to be found in sufficient 
quantities in nearly all soils. 

There are four principal ingredients of plant food 
that are not in sufficient quantities in the majority 
of soils, viz., Nitrogen, Phosphoric Acid, Potash, and 
Lime. 

Nitrogen is known by its pungent smell, when, as 
ammonia it is noticed from urinals or where much cattle 
dung and urine are heaped together. It will also be 
noticed if clean dry bones are wetted and kept in an 
unventilated room. 

Phosphorus is known to most peasants from the 
use of safety matches. The stick is dipped in phospho- 
rus, and, as this easily takes fire when exposed to the 
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air, it is coated with material to keep out the air* 
When rubbed on a match box, this outer covering is 
scratched away, and the phosphorus exposed to the air 
ignites and burns the wood. 

Potash is found in small quantities in the ashes of 
plants. 

Lime is too well known to require further men- 
tion, except that it is little used in the fields in India 
as it is seldom wanting in our soils, though it will 
always sei^e a useful purpose if applied to land con- 
taining a great deal of decayed vagetation often covered 
with water. In such cases the soil is sour and lime is 
necessary as well as drainage. 

A chemist can find that water is made up of two 
gases in different proportions, 2 of hydrogen and 1 of 
oxygen. When ho has found out the amount of char- 
coal and water in wood, he then examines the ashes and 
learns what they contain. In the same v/ay he can 
take up a given portion of a field crop and find out 
what the grain and the straw are made up of, and thus 
see what the crop has taken from the air and trom the 
earth. 

Numberless analyses are made of cattle dung and 
farmyard manure. Animals, like oxen and sheej) live 
on the grass and hay they can get, and form from it 
their bones and flesh, hair, hoofs and horns, and we 
naturally find in these the same substances taken from 
the plants, only the parts of which they are composed 
are mixed in different proportions. When anirhals feed 
on grass and hay, part of what they eat is voide,d in the 
shape of dung and urine. The dung is the food that 
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is not digested, whilst the urine forms part of the digested 
matter that is no longer wanted, and is voided. We are 
therefore not much surprised to find that the urine 
contains a deal more of nourishing plant food than 
dung. We also know from experience that it decom- 
poses much more rapidly, and consequently is of great 
importance for quickly growing crops, and lielps to feed 
the slower growing plants, whilst the dung and litter 
are falling back into their component parts. 

It is not the quantity of material placed upon a 
field that tells us the amount of plant food given to the 
crops. Working animals get, besides their allowance 
of grass and hay, a certain amount of what is called 
concentrated food,’ such as oilcakes. These contain 
more nourishing matter in a few pounds than we find 
Jii large (|uantities of hay. The animal benefits very 
much from such feeding, and the farmer also benefits, 
not merely by having stronger animals from which he 
can get more work, but also from the dung and urine 
voided. By good feeding nothing is lost. The animals 
become stronger and give tlie farmer moi*e and better 
work, and the dung and urine voided are richer in plant 
food, and thus give a better return in the harvest. 

Nowlet us see what substances are contained in 
the dung and urine of cattle so that we may learn the 
value of these for our fields. We can compare fresh dung 
with well-rotted dung, dung and urine combined, and 
dung, urine and litter well preserved, with badly cared 
for farmyard manure. We can then see what we are 
putting into the soil when a certain number of cart 
loads of farmyard manure is ploughed into the fields. 
We can also see if other manures can take the place 

of farmyard manure, and whether it is beneficial at 
7 
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times to add otlier fertilizei\> to the manure prepared 
on the farm. Some manures decompose so rapidly that, 
when the crop is reaped, no food remains in the soil. 
It has either been taken up by the crop, or lost in the 
drainage. Siieli manures are excellent when we re^juire 
a rapid leaf growth; others are more necessary for the 
fruit, such as the grain in cereal crops, and the 
sugar in cane, and help early ripening ; whilst others, 
again, help to build up the body of the plants and serve 
to carry tiie first and second tlirough the plant, 
You inu.I not think that plants live on nitrogen, or 
phosphoric acid, or potash alone. Each of these would 
no more be food for plants than linui, or sand, or w^ater 
alone would form mortar, or the various separate in- 
gredients would form a ciirry. They must bo mixed 
in varying proportions to suit different plaints. How 
this is done by tlie plant, what power it has of selecting 
according to its wants, and how it varies this power 
of selection in dilferent soils are mysteries even to the 
most leai'ned. It can, however, make bad mixtures 
when in the wrong soil, taking one mineral that is more 
plentiful and more easily dissolved, in place of another. 
It is on this account you find sugarcane grown on very 
salty land a regular purgative. It is the business of the 
farmer to place at tJie disposal of the plant the various 
foods it requires, just as it is the wmrk of the woman of 
the house to get a supply of the curry stuffs, which, 
though the ingredients may be the same, are mixed in 
different ways to suit different tastes. The plant does 
not live on single food ingredients but on a nourishment 
composed of different foodstuffs combined, and every 
single constituent part of this nourishment is effective 
only in the completed whole. One thing must be 
carefully remembered in manuring and that is termed 
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the Law of Minima. It you had plenty of nitrogen, but 
no phosphoric acid or potash, placed in carefully treated 
sand, in glass jars used for experiments, no plant would 
grow. If to the nitrogen you added plenty of phosphoric 
acid, plants would still refuse to grow. If then you 
added a sufhciency of potash, but lime were not present, 
again no harvest would result, and so on with sulphur 
iron, zinc, and the numerous other minerals re.'|uired by 
])lants. 

Now’ most soils have the majority of these 
substances in abundance, for plants require very little 
of them, hut nitrogen, phosphoric acid and potash are 
found wanting as a rule in soils long cultivated. 

Cattle dung contains everything reejuisite for plant 
life, for the .cattle have got all this from the ])lants on 
which they feed. This is called a com])lete nuinure, i.e., it 
contains all the necessary ingredients to form plant food. 
'Phere are other manures excellent for the particular pur- 
[)Ose for which they may be used, which contain one, or 
perhaps more but not all of those ingredients, and these 
are called incomplete manures. To use such on soil that 
ib wanting in the remaining plant food or foods would be 
a waste of money and produce little good. It is true 
there are few soils completely wanting in any of these 
foods, but there are many in which the quantity is not 
sufficient to produce a good crop. To explain how this 
occurs, the following illustration may be found useful, 
f’iuppose an acre contained 20 lbs. of nitrogen, 20 lbs. of 
phosphoric acid and 25 lbs. of potash, a sufficiency of lime 
and all the other substances that are required by plants 
in very small quantities, in a state easily soluble in water. 
^ a full rice harvest contained 41 lbs. of nitrogen, 26 lbs. 
of phosphoric acid and 68 lbs. of potash, your crop would 
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be a six anna one. If you added any amount of nitrogen, 
, you would not get more than a six anna crop, for 
the potash in the soil is equal to about f of what a 
full crop requires. As soon as 23 lbs. more of potash 
is added a sixteen anna crop will not be -obtained. Six 
lbs. of phosphoric acid are wanting, and, till you place 
this at the disposal of the plants, a full crop will not 
be got. But if the soil contained 41 lbs. of nitrogen 
08 lbs. of potash and only o lbs. of phosphoric acid 
you would not get inoro than a four anna crop, unless 
the othei 15 lbs. of phosphoric acid required were 
placed at the disposal of the plants. 

This having been Impressed on your mind the ques- 
tion of the value of manures, complete and incomplete, 
may now he discussed. 

To the careful farmer one lot of cattle manure is 
not the same as another. He knows that if the refuse 
of the farm is thrown into the manure pit with the dung 
and urine of the cattle, and this is well covered over, he 
gets after some months a well rotted friable heap, 
which gives good results when ploughed into the soil, 
especially if the pit is so made that the liquid does nor 
sink into the ground. If the heap is uncared for and 
exposed to sun and rain, the useful parts of the manure 
are washed away to make a filthy rivulet around the 
house, and stuff that is little better than straw, and 
poor straw at that, is carted to the fields. No wonder 
the .resulting harvests are poor. It costs as much to 
have bad manure as good. We must therefore study 
how to get good manure. It is not the quantity we 
have that tells ; it is the quality. Now to study the 
quality we must learn what it contains in the shape of 
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plant foods, and, funny though it may appear to many 
farmers, we must learn to regulate this quality. 

The excreta of animals liave often been analysed. 
The nitrogen is as follow : — 


In 1000 lbs. 

Dung 

Urine. 

Sheep 

... 7 Ins. 

14 lbs. 

Horse 

5 , , 

i‘2 „ 

Cow 

... „ 

8 „ 


We see here that the urim^ contains much more 
nitrogen in every 1000 lbs. than the dung, and this 
shows us how much money is lost when we allow this 
valuable manure to pour away around the home and 
cause notliing but a stench and bad health. It should 
be poured on to the heap and will serve a very import- 
ant purpose as a manure, and further help to preserve 
the plant foods in the heap. In other works you 
will find more about the preparation of good farm yard 
manure with reasons given why it should be cared for. 
You can also increase the amount of plant foods in the 
dung by the use of oil cakes and other matei’ials that 
contain much plant food. Nothing is lost by feeding 
cattle well. First you can get more work out of your 
bullocks, and more milk and butter fr^m your cows, and 
better and stronger calves, and nothing is lost. What 
does not go to make fiesh, and blood, and bone, is voided 
by the animal, and that contains more plant foods. 
Thirteen samples of dung were analyzed by Dr. Lea- 
ther. Six samples contained 54 lbs. of nitrogeti in 
10,000 lbs. of excreta; but these animals had concentra- 
ted food (oilcake) given to them in addition to the 
ordinary rations of hay or straw. Seven samples showed 
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only 17 lbs. nitrogen in 10,000 lbs. excreta, but these 
were village cattlet hat had to get their living as best 
they could by grazing. 


Well-rotted stable dung 
should contain in every 

Nitrogen. 

Phos iicid. 

Potash 

10,000 lbs. of oxcr(‘ta : 

Fresh human excreta 


80 

50 

(solid and liquid) 
Human excreta removed 

8.5 

26 

21 

from pits 

37 

16 

15 

Blood meal 

1180 

120 

70 

(i-roundnut cake 

7(i0 

1.50 

150 

Castor cake 

.500 

120 

100 

Siinflow(U’ cake 

590 

210 

100 

Gin gel ly cake 

591 

140 

320 

Safflower cake 

580 

190 

100 

Niger seed 

450 

240 

100 

Cocoaniit cake .. ... 

370 

200 

130 

Cotton seed cake 

‘250 

120 

240 

Karan j cake 

350 

1(50 

190 

Mhoura 

•2(50 

90 

80 

Tobacco stems 

300 

86 

600 


All thes(3 and many others are complete manures. 
But a complete manure is not always well balanced- 
Take, for instance, blood meal. If this were used for a 
rice crop the potash it contains would be a little more 
than sufficient for a 17 anna crop but there would be 
nearly 100 lbs. of phosphoric acid over and above the 
wants of the crop, and nearly 800 lbs. of nitrogen would 
be practically thrown away into the drains. 

Many plants require no nitrogen in 'the soil for they 
take it direct from the air. These are the leguminosac 
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that we spoke of before, among which you find, peas, 
beans, etc. 

If they have enougli phosphoric acid and potash, 
they require no nitrogen in the soil, for they gather it 
from the air. How this is done you may learn from 
other books later on. To use your cattle manure for 
these is not wise, for you are practically throwing away 
all the nitrogen it contains. Much cattle manure may 
even do harm. But plenty of ashes, and bone or basic 
slag, will always be useful with this crop. Those who 
on account of religious scruples do not care to use bone 
will find a good substitute in basic slag. In preparing 
steel from iron, the one thing not wanted is phos- 
phorus. Lime is used in the preparation, and the phos- 
phoric acid of the iron is united chemically and removed 
with the lime and e.xcellent steel results. The great 
lumps of slag that were formerly carted away as rubbish, 
are now ground down into a lino powder, and serve as an 
excellent phosphatic manure. There are some manures 
that contain neither nitrogen nor phosphoric acid, but are 
rich in potash. These are the salts dug out of the 
earth in Germany. Sulphate of potash contains 50 
lbs. of pure potash in every 100 lbs. of the fertilizer, 
but has no common salt mixed with it. Muriate is as 
rich in potash but has also a certain amount of ordinary 
salt mixed with it. Kainit contains about 13 lbs. of 
potash in every 100 lbs. of the fertilizer and has also 
about 30 lbs. of coinmon salt, which makes it very use- 
ful where common salt is required, especially for coconut 
palms. 

It will be noticed that some contain much nitrogen 
and not much* phosphoric acid or potash, while others 
with less nitrogen contain more phosphoric acid or more 
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potash. We must therefore mix manures in such a 
manner that there is no waste of one of the plant foods 
in order to supply a sufficiency of some other. And 
this we can learn only when we study what the crops 
take from the soil. An application to the nearest agri- 
cultural association will obtain you this information. 

Some plants, like most of the- cereals, often require 
a slight application of nitrogen to give them a good 
start or to assist them in a soil that is naturally poor. 
In such cases nitrate of soda is very useful for it con- 
tains 1,5.50 lbs. of nitrogen in 10,000 lbs. of the manure. 
It must he used as a top-dressing only, because it is not 
retained long by the earth, and what is not used by the 
plant is carried away in the drainage. Another very 
rich manure, very useful in garden crops, such as sugar- 
cane, is sulphate of ammonia, which contain^ 2,050 lbs. 
of nitrogen in 10,000 lbs. of the fertilizer. It must be 
harrowed in. It is not carried away quite so soon by 
the drainage water, but what is not taken up by the 
crop at the end of the year is carried out of reach of 
the next crop. 

Nitrate of potPwsh or saltpetre is another excellent 
niti'ogenoiis manure which contains in every 10,000 lbs. 
of fertilizer 1 ,850 lbs. of nitrogen and 4,400 lbs. of potash. 
As a top-dressing for rice it has proved excellent in 
various parts of India, and it will also serve for crops 
whose roots keep near the surface. Of course the 
law of minima must be remembered and a sufficiency 
of phosphoric,^ acid must be added to the manure if a 
bumper liarvest is expected. Some manures contain 
nitrogen and phosphoric acid, like bone, peru guano and 
fish, and others phosphoric acid alone, such as basic slag, 
bone superphosphate and coprolites. 
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It must be the study of the fai’irier to supply all the 
foods the crop requires. He must apply to Agricultural 
Societies or to the Department of Agriculture to ascer- 
tain what plant foods are removed from the acre by his 
various crops, and endeavour to put back into his fields 
at least the amounts withdrawn. But this requires 
some learning. It will not do to continue as the old 
people did. They became good farmers in time without 
the aid of books, but they made many mistakes and paid 
dearly for their experience. Now that competition is 
felt even amongst farmers, and other lands are growing 
the harvests that India alone boasted of formerly, the 
man who tills the soil must not only use his brains, but 
he must try all he can to use the brains of others. He 
must see why, for instance, in India the harvest is less 
than 12 bushels of wheat, whilst in England it is nearer 
88 on an average, why 68 lbs. of cotton are obtained in 
India against 190 in America and 850 in Egypt. He 
must see what they do to improve their land and follow 
their example. But, above all, he must look upon his 
farming as. thebania does on his shop. Does it pay V 
and how far V — are questions he can answer by well- 
kept books. 

It is not uncommon in India to see a poor illiterate 
raiyat start a sugarcane patch with borrowed money, 
induced thereto by the splendid returns of which he 
hears, only to find, at the end of 12 or 15 months, to 
his great surprise, he is unable to repay capital and 
interest. He has kept no books. The cost of ploughing, 
manures, seed and labour have not beem calculated, nor 
the amount of interest to be met, the expenditure on 
cattle, implements, water, etc., have not been entered in 
any books. How was it possible for him to arrive at 
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the cost of his crop and compare that with the value 
of the harvest. No Farm Labour Account can be 
shown, no Stock Kook, no Cash Book. He cannot read 
or write and cannot therefore draw up a Balance sheet 
to know liow he stands. 

Kvery yt^ar sliovvs more plainly the necessity for 
education if the farmer is to succeed. The argument 
that the illiterate man often succeeds is a poor one, for 
had he th(' elements of scientific agricultural knowledge 
he could have succeeded far better, with fewer costly 
blunders. Nowadays the raiyat must learn what his 
crops cost him, the cheapest and best way of feeding 
his cattle and procuring his manure, the best market 
for his produce, and above all, the way of obtaining 
bumper crops at the lowest expense without harming 
the land. Instead of being a drudgery, his work becomes 
most interesting, and, instead of envying the lot of 
townspeople, he loves his free open-air work, jmts his 
whole mind to it, rises in his own estimation and the 
estimation of his neighbours, and finds himself before 
long if not a rich man, certainly in comfortable circum- 
stances. ’ . 

A big book is not useful to the peasant. He wants 
a small book that he can read for a few minutes after 
his day’s work. But reading alone is not of much use- 
The man who leaims out of a book how he has to ride 
cuts a .Sony figure when he iiiounts a horse. It is good 
to learn things from a book if you endeavour to put 
them into piactice. 

Now the chief things we are to try, after veading 
this, !s the improvement of the land by tillage and 
manures, and a careful study of the best rotation, so 
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that, as true farmers, we obtain from the soil the ^^i*eat- 
est possible feturn without harming the soil, at the least 
possible expense. 


All experiments must therefore be carried out on 
small patches of land of equal size and fixture and value, 
and every trial must have a duplicate plot to allow 
for differences in the soil. Only one thing must be 
changed at a time on the trial plots if we wish to 
learn anything. 


It is to be hoped these few words will lead thought- 
ful farmei’s to study everything connected with the soil. 
As long as you arc satisfied there will be no progress. 
You must try how you can better your prospects in 
every way, and perhaps this little book will put you on 
the way* to think and act in such a manner that you 
will have two blades of grass and two ears of corn wliere 
only one grew before. If you do this you will benefit 
not only yourselves but also youi* neighbours and your 
mother-land. 




THE VALUE OF MANURES. 


Tliefe is absolutely no <{Ucstioii as to the necessity 
of manuiMiig, The most ignorant peasant knows that he 
must put something into the soil to keep the land fertile, 
though he may not exactly comprehend how that some- 
thing will chemically decompose and give up the consti- 
tuents-as food tor plant-life. Nitrogen, Phosphoric Acid 
and Potash are a jargon the Indian cultivator leaves to 
students of the stranger’s books : but he knows what 
plants are useful for green manuring, of cattle excreta he 
chooses the best available, often using it in the cheapest 
possible mannei' by placing shecjp on his land fora night 
or successive nights, for potash he manages with a little 
burning of rubbish, and for pliosphoric a(uda sh(^ep’shead 
is often placed at the roots of sickening orange trees. 

The grc^at pity of it is that lie treats his land as he 
treats his animals. H(^ knocks as much work out of both 
as they can well stand and feeds them as little as he dare. 
As long as he merely rents the land this continues — a 
custom noticed not only here in India, but complained of 
in Natal, where patches cultivated by Indians, are render- 
ed in a few years almost barren, 

Liebig (and every agricultural chemist with him) 
shows that plants take certain food from the soil. Now 
you cannot go on taking substances from the field without 
impoverishing it. True the land itself contains materials 
which, in disintegration by the action of damp and heat, 
prepare the mineral food the plant requires, and this goes 
on much more rapidly in warm than in cool climates. 
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For this very rc'ason the depletion of Indian fields is accel- 
erated, and the time must come when the soil can stand 
the robbery no longer and confesses its poverty by its 
inability to produce fruits any more. It is by slow de- 
grees, as a rule, that this point is reached ; but we see the 
various stages all over the country. It is first disease 
amongst staph* crops and later on complete failure, till 
rest to the soil by a change of crop or a time forlying fal- 
low, allows of another attack on its slightly recouped re- 
sources. These difficulties do not come to light in savage 
or s])arsely peopled lands, for the inhabitants merely 
move on wlnm the soil shows decided signs of deteriora- 
tion. But the India of to-day will not allow of a step to 
the next plot, when the land has been taxed to the limit 
it can bo3ar. Band is dearer, the population more dense, 

and the simplt* expedient of walking away from impover- 

» 

ished fields is absolutely impossible. The depleted land 
must be fed and restored. In other words we must put 
into tlie soil what the crops have taken from it. To do 
this, we must learn what and how much has been re- 
moved, and put back at least an efjiial (luantity of food 
stuffs — the wise farmer will put more. A sensible land- 
lord knows he must look after his cattle well if he wants 
work from them, and that health and strength mean feed- 
ing and care, ft is the same with his land. He works 
it and deprives it of certain substances requisite to build 
up tht‘ l)(^dy of his plants and fruits, and if he wants any 
more Iroin the soil he must put into it what the plants 
have taken out. Of course this does not mean that there 
are merely chemic al considerations in dealing with land. 
We know a certain amount of substance is required to 
feed the human body, and though the fattening and 
strengthening nourishment from a whole ox wete put 
into a tea cup, it does not follow that a man could live 
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long on the decoction. There are considerations of the 
physical nature of the soil, moisture, heat, and a number 
of others as yet little understood by the greatest scientists. 
Into these we need not enter. J^jach farmer knows his 
own soil pretty fairly. Few farmers, however, know the 
amount of various food stuffs the different crops extract 
from the soil. When this has been ascertained he can 
save his land from being exhausted or worked out. 

What is a manure ? Not many years ago an Fnglish 
farmer would have answered : — “Muck,” atid theCxorjiian 
peasant would have defined it in the words : Was 

diiengt stinkt ” i.e. “ What manures stinks.” Perhaps 
the simplest answer is the correct one. viz., Plant Food. 

Muck or stable manure and tlie r<‘fiise of the farm 
has always been the chief fertilizing material, and, no 
doubt, in decomposing, it produces an unpleasant smell. 
Even if, in these days, we had a sul'licicney of cittle 
dung, we should still require a farther study as to the 
best means of preserving the plant food contained in it, 
its value as a manure, the effects it has on the texture of 
the soil, and whetlier it is useful witli every crop or 
wasteful (and this may sound extraordinary) with others, 
if the addition of certain other natural and aitilicial 
fertilizers might not be productive of increased harvests, 
and whether these might not, in the absence of a sulfi- 
ciency of farm-yard manure, take its place, without loss 
to the farmer and possibly to his great gain. 

The earth contains all the elements of plant food, 
and in forests and on grass lands where plants gi'ow and 
die down and nothing is carried otf the soil the land 
requires no replenishing, but where the produce is taken 
from the farm, year after year, something must be put 
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back or the land will suffer. The plant-food resources, 
it stands to I’eason, cannot be constantly withdrawn and 
yet the land be expected to remain as rich as ever. 

In the old days p(‘ople believed that air, water, tire 
and earth were elements, that is tliey were not composed 
of different materials : but, since the science of chemistry 
has been studied, we know that water consists of two 
gases, hydrogen and oxygen, into which we can decoin- 
pvose it, that fire is due to the combination of oxygen 
with the material set on tire, that a number of gases form 
th(' air we breatlie, and that the (^arth is made up of a 
nuinber of materials such as niti*ogen, phosphoric acid, 
potash, lime, magnesium, common salt, iron, etc. 

As the various rocks are broken up by tiie action of 
water, cold and heat, and crumble to pieces, they are 
washed ovei' the plains, and make tlie soil upon which 
various forms of plant life grow. Those die down and 
others take their place, till, in coui’se of time, the dead 
vegetation forms the luiinns, wliicli serves as the best soil 
upon which to grow the most paying crops. Soils are 
different in appearance and in value according to their 
formation from various I'ocks which contain more or less 
of the necessary food of plants. 

Although a solution of smelling salts with an intini-* 
tesimal proportion of some other saline matters contains 
all the elementary bodies which enter into the composi- 
tion of protoplasm (the material of formation of living 
bodies), a hogshead of that fluid would not keep a hungry 
man or animal from starving, but multitudes of plants 
could live on it and thrive. In the same way if plants 
were supplied with pure carbon, hydrogen, oxygen, 
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nitrogen, phosphorus, sulphur, etc., they would not live. 
All these must be supplied to them in the shape of liquid 
salts such as nitrates, phosphates, carbonates and other 
compounds. 

There are certain foods absolutely necessary to 
enablet he plant to live and develop, but the majoiity 
of the constituents are found in abundance in every soil. 
Those that are most needed and generally wanting on 
cultivated lands are nitrogen, phosphoric acid, potash 
a.nd lime. 

But before using the tew chemical terms that are 
absolutely necessary in studying the value of manuia^s it 
is advisable to give a general idea of what they mean. 
If clean dry bones are wetted and kept in a closed room 
there is a’ powerful pungent odour, similar to that of 
smelling salts, and in the dung and urine of animals the 
same is recognised. It is a combination of the gases 
Nitrogen and Hydrogen, called Ammonia. When the 
bones decompose they leave in the soil lime and phospho- 
ric acid also. Phosphorus is probably known to the 
majority of farmers who have used safety matches. 
Wood and other materials that are burnt leave ashes 
which contain a good deal of potash. On the farm one 
sees how water and heat decompose materials lying in 
the soil. These readily break up into the things of 
which they are composed. Por instance vegetation that 
rots, gives back the nitrogen, carbon (or woody portion), 
water, etc., they have taken from the earth and the air, 
and dead animals which obtained the food by eating 
plants such as grass, lucerne, oilcakes, etc., in decaying 
give back to the soil what they took from it in the shape 
of plant-food. This is one of the reasons why even grass 
8 
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should be manured so that the oxen feeding on it should 
get richer food from which to build up their bodies and. 
even their very bones. 

What is done slowly by nature can be done much 
quicker by chemistry. Hence we can select a portion of 
a field and ascertain the number and quantity of the 
component parts that make up the vegetation, and thus- 
learn how much is taken from the acre by any given 
crop. We can similarly’ analyse any given manure, such 
as oilcakes, fish, bone, etc., and learn what they contain y. 
if all the necessary plant-foods arc present to supply 
what the crop has taken from the soil, or whether others 
should be added, and in what quantity. 

The science of farming is to get from the land the 
best possible succession of crops at the lowest possible 
expense, without lessening the fertility of the soil, and 
the science of manuring is to put back into the earth, as 
much, at least, of the plant-food as is extracted by the 
crop, in a state that will allow the plant to benefit most 
by it. Of course the expenditure should be regulated so 
as to obtain the greatest profit. It does not follow that 
manuring can be reduced to a rule of thumb or become a 
mntter of simple propo’’tioii. As in our food the absence 
ot so small an item as a pinch of salt may render the 
whole unpleasant and even deleterious to health, so, in 
fertilizing, lluue ai*e a number of considerations to bg 
•taken into account, and these will be learnt by study and 
experience. In order to have the best return it is not 
sufficient to give back to the soil only the quantity of 
food taken up by the plants. Much of the manure is 
washed away b}^ the drainage and some foods are 
required in far greater quantities than analyses of the 
crops can possibly explain. 
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Manures lorm the component parts of the food 
necessary for plants. At the same time they act upon 
the soil in a threefold manner. 

1. Chemical combinations take place with the sub- 
stances in the soil. Thus, when Sulphate of Ammonia 
is used, it meets with the carbonates in the earth, splits 
up into Sulphuric Acid and Ammonia, the formercornbin- 
ing with the carbonate to form Calcium Sulphate, the 
latter also uniting with carbonate as Carbonate of Am- 
monia. When the Carbonate of Ammonia is dissolved 
by the bacteria into nitrates, the carbonate and 
the sulphate of lime are washed out in the drainage 
Hence the constant use of Sulphate of Ammonia has 
resulted in the loss of 3/4 cwt. Calcium Carbonate, for 
every cwt. of Sulphate of Ammonia applied, and where 
the land was originally poor in lime the consequence has 
been a souring of the earth and inability to raise a har- 
vest from seed sown. 

When superphosphate is ploughed in, the water of 
the soil decomposes it and spreads the phosphoric acid 
evenly over the acre. • This does not t)ccur with many 
other phosphates, and hence the advantage of using 
phosphates treated with sulphuric acid. The phosphoric 
acid is then combined with only one atom of lime and can 
easily be dissolved. When, however, it is mixed with 
damp earth it unites with three atoms of lime. It is 
thus not easily washed out of the soil. At the same 
time we find in practice that plants can make use of it 
according to their needs, and that it dissolves again 
much more rapidly than phosphates not treated with 
sulphuric acid. 



Similarly Sulphate of Potash changes its base, the 
potash being freed for plant-food, and the sulphuric acid 
combining with the lime forms Sulphate of Lime. 

Similar chemical changes explain why certain sub- 
stances of little manurial value in themselves, such as 
common salt and gypsum, prove of great value to grow- 
ing crops. On decomposing, they form new combina- 
tions in the soil, increase the amount of potash, lime 
and magnesia dissolved as phosphates, and often help 
the plant 1 ) take up mor(‘. of this necessary ingredient 
of plant-food. 

2. The physical changes brought about by man- 
ures also require careful study. 

Nitrate of Soda. The Nitrate serves to nourish the 
plant but the Soda unites with Carbonic acid and forms 
Carbonate of Soda. Now it will be noticed that when 
clay is stirred in water the small particles remain sus- 
pended for a long time and finally coyect together in little 
grains and settle. This is hastened if lime be added. 
The formation into little masses is called flocculation, 
without which the soil would become sticky like paste 
when wet, hard as rock wlien dry, and unable to form a 
sufliciently stiff bed for the roots of plants, when satura- 
ted, besides being always impermeable to the air. Now 
the free movement of air and water to the roots of plants 
in necessary for vegetation, and this is almost totally im- 
peded when crumbs are not formed. Fertilizers like 
Nitrate of Soda, Sulphate of Ammonia, and the potash 
salts also bring about flocculation, but, after they are 
washed out, the soil falls back more or less to very fine 
particles, especially in clay soil. When Carbonate of 
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Soda is added to the soil, the tendenc}^ to tall from the 
crumby to the pasty state is far more pronounced, 
and eai'th containing much of it will not bear a crop 
owing to this deflocculation. 

Farmyard manure is w’^ell known for its excellent 
effect in binding sandy soils and preventing the too 
rapid loss of water by evaporation and by drainage, 
while its use in heavy clay arises from its opening out 
the soil and thus allowing a better movement of the 
subsoil water upwards by capillary attraction and of the 
air downwards to th(‘. roots. 

Long treatment witli ()ver>supplies of dung make 
it diflicult for the water to penetrate suflicicntly deep 
into the soil, a fact well known to market-gardeners. 

• 

•]. As fermenting wine causes decomposition with 
the formation of gases, and in bread a similar action is 
brought about by leaven, so in the soil we have number- 
less bacteria or single cell plant organisms, that, increas- 
ing by division, multiply rapidly and effect the most 
important changes by reducing organic matter to 
humus, changing nitrogenous bodies into the nitrates 
which the plant can assimilate and generally fertiliz- 
ing the soil. In their work these bacteria are consi- 
derably aided by manures, and those bacteria especially 
that enter the roots of leguminous plants and draw their 
supply of nitrogen direct from the air, are at their 
greatest activity when the soil is supplied plentifully 
with phosphoric acid and potash. 

New as this may appear it only serves to explain 
how it occurs that soils known to be fertile have this 
fertility brought about. 
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It is extraordinary the amount of mineral matter 
carried away by the drainage of any large tract of land 
by the rivers on their way to the sea. The amount of 
potash thus carried away in a year in the water of the 
Elbe from Bohemia is, according to Dr. Aiskman, 43,800 
tons. 

More starting still is the amount removed by the 
crops. According to an estimate funished by the chemist 
to the New South Wales Department of Agriculture, 
F. B. (Tiithrie, the proportions of milled product from a 
bushel (6^ lbs.) of wheat are, approximately, 42 lbs. 
of flour, 9 lbs. of bran, and 9 lbs. ot* pollard ; while the 
percentage of phosphoric acid contained in these pro- 
ducts is reported as follows : — 

Flour ... 0*32 per cent, or 0*13 per bushel. 

Bran ... 3*00 „ 0*27 

Pollard ... 0*90 „ 0*08 

The total amount of phosphoric acid contained in a 
bushel of wheat IS, therefore, 0*48 lbs. of which 0*13 lbs. 
in the flour and 0*35 lb. in the offal. During the past 
10 years the nett exports from the Commonwealth of 
wheat and its milled products have amounted to 
232,851,144 bushels of wheat, 10,23,401 tons of flour 
and 4,421,818 bushels of bran, pollard and sharps. On 
the basis of the figures quoted above, this export would 
contain no less than 120,000,000 lbs. of phosphoric 
acid, the value of which as a fertilizer would be about 
.f 7 50,000 (compare loss by Indian exports). 

Similarly other staple products exported impose 
their respective losses upon the soil of the Common- 
wealth and the increased use of fertilizers furnishes 
evidence that producers are alive to the neces.sity for 
making good the deficiency so arising. 
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Immense quantities of nitrogen are lost in the 
drainage waters. Faulty storing and a constant access 
of air to the dung-heap is often responsible for a loss of 
42 per cent, of the nitrogen, with slight losses of phos- 
phoric acid and potash. 

It is not the amount of material spread over the 
fields that tells the quantity of plant-food placed at the 
disposal of plants. An ox may get a very large quantity 
of hay, but, if hard-worked, it requires some oilcake and 
other fattening and strengthening material. Though 
stable manure is always helpful in improving the 
mechanical texture of the soil and aids in the formation 
of humus or the upper portion of the soil containing 
decayed vegetation that forms the home in which the 
crops live and grow, we must remember that it is placed 
in the soil for its plant-food contents principally. 

We must now turn our attention to the chief plant- 
foods it contains and compare this with other manures. 

To be able to make the requisite comparison we 
must first understand the meaning of the word percent- 
age. When, in Dr. Stoier’s analysis, wo read that 
sheep manure contains *o9N, *40 *75 KjO, it 

means that in every 100 lb. there is OO/lOO or nearly 
7/10 lb. of nitrogen, 2/5 lb. of phosphoric acid, and 3/4 
lb. potash. We can thus make comparisons as to the 
amount of plant-food contained in each fertilizer, i.e., as 
to the substances they contain which are most necessary 
for nourishing and building up the plant. 

In ordinary fresh stable dung we have, in Europe 
*39 Nitrogen, *18 Phosphoric Acid, and *45 Potash: When 
fairly rotted it contains *5 Nitrogen, *26 Phosphoric Acid 
and ’63 Potash. When very well rotted *58 Nitrogen, 
*3 Phosphoric Acid and *5 Potash. 
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These figures refer to the excreta of stall-fed 
cattle, when the urine is carefully preserved with the 
dung, and care is taken that very little of the plant- 
food stuffs it contains is allowed to be lost in the air and 
in tlie drainage. 

If we take Dr. Leather’s analyses of Indian cattle 
dung ^iitrogen, 'JD Phosphoric Acid, and *17 Potash, 
we can calculate the terrible losses suffered by the 
raiyat owing to <;arelessness, negligence, indifference, 
or ignorance. 

He knows tliat sheep maniiie is good for his fields 
and is careful to hire shepherds to fold their flocks 
whore lie is about to grow a paying crop. 

Tile analysis shows how correct ho is, for sheep 
manure contains : . 

Nitrogen. Phosphoric Acid. Potash. 

*fi'l *40 *75 percent, 

against •:i •20 *17 ,, 

of Indian cattle dung or a 

difference of ‘dO *11 *58 ,, 

or about 2/o lb. Nitrogen, l/IO lb. Phosphoric acid and 
d/r> lb. Potash in every iOO lbs. 

We can also see the very great loss, due to ignor- 
ance or carelessness, produced in the cattle manure 
carried by the raiyat to his fields. 

We have seen that the dry dung alone analyses : 

Nitrogen, Phosphoric acid. Potash. 

•8 -29 -17 

whilst the liquid excreta 

show *58 


•49 
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The droppings are : — 

llaily 



Horse. 

0.\ or Cow. 

Shee]). 

Fresli 

58 lb. 

04 lb. 

5 lb. 

Botted 

47 „ 

09 „ 

4 „ 


or 

Yearly 



Horse. 

Ox or Cow. 

Sheep. 

Fresh 

•21,170 lb. 

;i4,aio lb. 

1,825 lb. 

Botted 

17,155 „ 

25,185 „ 

1,460 „ 


These figures are for European stall-fed cattle. 
About 2/8 would ho the figure for working cattle. 

The straw servos to soak up the excreta, and to pre- 
vent the too rapid decomposition, to raise the chemical 
contents of the manure, and at the same time to serve 
the animals as a soft dry bed. 

Farmyard manure is practically the only manure in 
India. As cattle are not housed here in the same 
manner as in Kurope, and the li(|uid from the stable goes 
to waste, a great proportion of what is voided, and as a 
rule tlie richest portion, is lost to the cultivator. Under 
such circumstances it is time that far more attention 
should be paid to what is saved, so that it will be utilized 
to the best advantage. 

The money value excreted by one ox amounts, 
according to Dr. Bichard Otto, to Bs. 62, reckoning 
the value of Nitrogen, Phosphoric Acid and Potash on 
the European markets. This will scarcely be credited 
by the Indian farmer. Yet Otto’s analysis shows how' 
true it is. 
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Of 30,856 lb. voided 

24,684 lb. or 80 per cent, is water, 
and the remaining 6,172 „ or 20 „ is dry substance, 

containing 

176 „ Nitrogen = Es. 50 
74 ,, Phos. Acid == Es. 3-12 
200 „ Potash = Es. 8-4, 

omitting the organic substance 5,420 )b. whicli .should 
be valued at Es. 18 at least. 

To this heap should be added all the materials of 
any use in benefiting the land. 

Prom the analysis given before, showing the loss 
resulting from negligence in saving the liquid manure, 
we see the necessity of retaining all the fertilizing 
elements of the manure heap. It is therefore only what 
eommon sense dictates to learn from those who have 
made a study of the losses of plant-food that occur owing 
to incompetent management. Even in Europe the 
lesson wants constant repeating, and a few words from 
the “ Parmer and Stockbreeder will not be out of place 
here. ‘‘ It is to be feared” the paper says, “ that yet much 
remains to be done before farmers are brought to a 
knowledge of the appalling loss that takes place annually 
through careless and indifferent management. Experi- 
ments have been made to compare exposed and 
unexposed manures. It was demonstrated that there 
was a greater loss of nitrogen and organic matter from 
exposed manure than from that protected. The former 
lost one- third and the latter one-fifth. Ten per cent. 
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moue organic matter waa destroyed in the exposed than 
in the protected manure. There is practically no loss 
of potash and phosphoric acid from protected manure. 
Exposed manure that is rotting may lose about one-sixth 
of its phosphoric acid and somewhat tnore than one-third 
of its potash. The chief changes, due to fermentation, 
take place within the first months of rotting, and experi- 
ments show that there is no. apparent henpfit in rotting 
the manure longer than three months.” 

The inanur(^ lioap when kept moist loses a great 
deal of its potash unless the floor be watertight, and 
very little nitrogen (^scapes when the heap is kept both 
moist and compact. Ef rain comes on to the heap the 
water must carry away with it a great deal of soluble 
matter of the manure and unless the floor can stop its 
further progress the absorbent matter must itself drain 
off gradually, and money in the sJiape of liquid manure, 
finds its way into dirty puddles, proving only too clearly 
the definition of dirt, viz., a good thing in tlie wrong, 
place. What remains in the heap is often next door to 
worthless, but the labour of carrying it to the fields and 
spreading it and ploughing it in is as great as if the best 
material were being used. If the manure is well pressed 
and the air kept out, it does not ferment so quickly, 
but when it is loosened and the air admitted, the oxygen 
•of the air starts chemical and bacterial action and 
fermentation sets in rapidly. It should be the aim of 
the farmer to protect the manure from water, so that 
the important plant-foods are not washed out; and the 
whole mass should be kept compact to prevent loss by 
a too rapid action upon it of the air. In order that the 
valuable liquid from the stable should not go to waste 
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it is advisable to throw or pump it upon the heap so’ 
that it may be absorbed. 

As the manure heaps are greatly neglected all over 
India and the loss to tlie poor farmer is incalculable, I 
extract the following interesting and instructive report 
by the Principal of the Agricultural School, Cawnpore, 
on thti different systems of housing cattle and conserving 
manure. If the advice given be followed, it will prove 
of the greatest benefit to the cultivator: — 

“At the Cawnpore Experiment Station this subject 
has been under experiment and observation during the 
past live or six years and the object of this bulletin is 
to place b(dore the public the results of this study 
accompanied by such general remarks as are thought 
necessary for a clear understanding of the subject. 
Earmyard manure or cattle manure is the main stay of 
fann(U‘s in all countries especially in India, where 
artificial nr chemical manures are not practicable at 
present (this was written in H)01). It contains all the 
elements of plant-food, nitrogen, phosphoric acid and 
potash. It also exerts a powerful influence in improving 
the mechanical texture of the soil : by its application 
heavy (days are rendered more open and easy to work 
and light sands get greater coherence and absorptive 
and ndimtive powers. Of the several plant-food 
ingredients supplied by cattle manure nitrogen is by 
far th(' most important as it is most deficient in Indian 
soils, giv(‘s the quickest results when applied as manure, 
and is most difficult and costly to get. So the aim of 
every farmer should be to get the largest quantity of 
nitrogen in a form readily available for growing crops. 
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Farmyard manure consists of the dung and urine 
of cattle and of other farm animals. Its quality and 
composition will depend upon : — 

1. The kind and condition of the animal producing 

it ; 

2. The quality and the quantity of the food supplies ; 

'6, The care bestowed in collection and preservation. 

1. The Animal . — Sheep yield more concentrated 
dung and urine than horses ; horses than cattle ; and 
cows than buffaloes. The following table shows the 
average amount of nitrogen in LOO parts of the excre- 
ments of these animals : — 


Nitrogen in dung. 

In urine. 

Sheep 

0-7 

14 

Horse 

0-5 

r2 

Cow 

0-3 

0-8 


This table brings out clearly not only the difference 
in the composition of the excrements of the different 
species of animals, but also the fact that in every case 
the urine is much richer than the dung. 

Amongst cattle themselves an adult animal gives 
a richer manure than a growing calf ; a dry cow better 
than a milking or a pregnant one, because in the latter 
cases a part of the food is spent in putting forth the 
fresh growth or in forming the milk. 

2. The food used in feeding the animals is a more 
important factor in determining the (piality of the manure 
than even their kind or condition. The excrements'of the 
animals of which farm manure is chiefly made up are 
simply the food sent out of the body after it has 
performed its functions. So what comes out as manure 
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is what has been put in as food — the richer the food is, 
in valuable ingredients, the richer will be the manure, 
Foods vary very largely in their composition, i.e., in 
the proportion of nitrogen and other valuable ingre- 
dients they contain. The food given to cattle may be 
broadly divided into (a) grass and straw (d) the concen- 
trated food generally given in small quantities at so much 
a day per head, as cotton seed, rape or mustard cake, juai 
seed, gram, arhar, lobia, moth, etc, Practically speak- 
ing, the bulky foods of tlie former kinds are more or 
less uniform in their composition and may be taken tc 
contain 4 lb. nitrogen in 1, 000 lb. while the concen- 
trated foods named contain about 85 to 50 lbs. ol 
nitrogen in 1,000 lbs. Thus; these concentrated foods 
contain about JO or 12 tijiies as much nitrogen as the 
straws, and the manure produ(‘.cd hv an animal as well 
as its health and condition, will depend not so much 
upon the straw or fodder given to it as upon the quantitv 
of concentrated food given daily. 

This was cd early shown by the analyses made b;y 
Dr. Leather, Agricultural Chemist to the Govern- 
ment of India, not to spc-ak of the countless analyses 
that liave been made in Furope and America. He tooh 
18 samples of dung, six of which were produced b\ 
cattle that were daily getting concentrated food in 
addition to their straw, the remaining seven by ordinary' 
village cattle that depend upon grazing and the ordinary 
ration ot straw, but get no concentrated food. It was 
found that the former six samples contained on the 
average 0*54 per cent, of nitrogen against the average 
of 0T7 per cent, of nitrogen contained by the latte » 
seven samples. That is the dung of cattle that got 
concentrated foods contained three times as much 



nitrogen as the dung of cattle that did not get concen- 
trated food. By allowing concentrated foods it is not 
the dung alone that becojnes richer as a manure, but 
the urine also, and that in a greater proportion. In 
fact, with adult working animals the whole of the 
nitrogen and ash constituents contained in the food 
eventually comesout in to the manure either through 
the dung or the urine. A clear grasp of this fact by 
the farmers of England and other advanced countries 
has not only contributed to their collecting and preserv- 
ing the excreta of their livestock more and more 
carefully in proportion to the cost of the food, but has 
led them to purposely adopt a more liberal feeding of 
their stock. For they see that the money they spend 
in the purchase of food secures them a double 
advantage ; stronger and more useful animals and a 
richer manure as well. 

d. care bestowed in Gollection and Presenia- 

tio)iP--A\\ the dung and all the urine excreted by farm 
animals together with any litter that may be used^ 
when w^ell-rottod without undergoing any loss of plant 
food ingredients, make the best possible farmyard 
manure. But in the general practice of the cultivator 
a great part of the dung, almost the whole of that 
collected during the dry months, is burnt as fuel either 
in his own household or sold outside to be used as such. 
Thereby the organic matter of the burnt dung and the 
nitrogen contained in it are lost. Assuming that a 
W'orking pair of cattle will produce about 100 juaunds 
of fresh dung per annum during nights and the non- 
working hours of the day, and assuming that the culti- 
vator burns about 4 of this quantity, he loses about 
ll'O lbs. of nitrogen if his cattle do not get concentra- 
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ted food, and 89 lbs. of nitrogen if they do, as in the case 
of cart bullocks and plough cattle belonging to the better 
cultivators in the Meerut Division. 

The Urine is ir eight for weight, a richer manure than 
dang . — We have seen this already. Dr. Voelcker found 
one specimen of the urine of Indian woi’king cattle to 
contain 1*JG per cent, of nitrogen and Dr. Leather 
found in another specimen that he analysed, 0*87 per 
cent, of nitrogen. A pair of working cattle can be 
taken to void about 4,000 lbs. in a year during nights 
and non-working hours, and this would mean about 35 
ibs. of nitrogen. But the cultivator in his ordinary 
practice not only does not utilize it, but allows it to 
ferment in his sheds and become a nuisance to his 
cattle and the people living in his house. , 

The way adopted in Europe and the United States 
of America for securing the urine and preventing the 
loss of its nitrogen is the use of litter. In this country 
the want of bedding material is the difficulty, but this 
can be got over in many places by careful collection and 
preservation of the leaves of sugar-cane, sheesham, 
mangoes, jack and other trees and all kinds of vegetable 
refuse. The following system of housing cattle, known 
as rhe Box System is well suited for absorbing urine 
and supplying a well-rotted, rich farmyard manure. 

Bo.r Sgstem . — Dig the fiooi of the ordinary cattle 
shed about 3 to 3.] feet deep- Plaster the bottom and 
sides with clay and sprinkle a little ashes and spread a 
thin layer of whatever litter may be available. The 
manager for holding the straw and other fodder will be 
in front of the cattle. For a pair of cattle the shed 
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may be about 7 feet broad and about 1.0 feet long. 
When more than a pair have to be housed a long shed 
of the above width may be used, allowing at the rate of 
about 10 feet of shed for each pair. It may be found 
convenient to separate the lot of each pair by two or 
more bamboos put across the slied. Every morning, 
after the cattle have gone out to work, the cattle attend- 
ant entei's the shed, covers it with the dry part of the 
bedding and spreads about 5 or 0 lbs. of more bedding 
for each pair of cattle. That part of the bedding which 
is wet with urine may bo spread likewise, before using 
the fresh bedding of the day. In the rainy weather 
somewhat more bedding will be necessary, especially 
when the roof happens to be leaky. The manure will 
go on accumulating and the box will get full in about 
six or eig.ht months according to the size of the cattle 
and the amount of litter used. When the box is full, 
the fresh accumulation at the surface may first be 
removed and the rest of the manure dug out and carted 
to the field for immediate use. The manure thus made 
will be moist, well rotted and of a rich brown colour. 
In the corners and those parts of the shed where the 
cattle do not tread »nuch, the manurcj may be dry, 
Jiiouldy and very hot. A little care on the part of the 
cattle attendant while sprinkling the wetted straw in the 
mornings, and his treading these parts down with his 
foot, will lessen this mouldiness considerably. The 
unrotted top portion may be put back into the box to 
be taken out with the next removal of the manure. The 
box system of housing cattle is now frequently adopted 
by the most enterprising farmers of Europe and America 
for fattening as well as for working cattle, one of the 
objects being to make as large a quantity of well-rotted 
0 
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manure as possible; for one thing well known by the 
western fanners and practised by them is that if they 
want a large quantity of manure they must make it ; and 
they can if they like. The box system has been under 
trial at the College Farm in Saidapet (Madras) for the last 
22 years, and at Cawnporeand other experimental farms 
for some years. The cattle have been found to keep 
perfectly healthy like those in other sheds, and the objec- 
tion raised against it by those who have not tried it, as 
affecting tlie feet and health of cattle, is against all experi- 
ence in India and other countries. By this means about 
12,000 lbs. or 150 maunds of rich manure can be made 
from every pair of working cattle.” 

A mode of conserving cattle manure that costs the 
farmer little money and scarcely any labouv has been 
proved of the greatest value by the practical experiment.'-: 
of Dr. Schneidewind of Halle. It is simplicity itself. 
When carting away the matured farmyard manure, a 
part should be left behind and spread in the manure pit 
about 0 inches deep, the fresh manure is placed on top 
of this, and if sufficient of the old manure is left as the 
pit is filling, one or two layers of it must be placed upon 
the fresh dung and litter that finds its way into tlie heap. 
The results however are of great practical importance, 
tor they save a deal of manure and the nitrogenous 
contents ot the portion left. There is always a loss in 
weight as the manure matures and a loss in plant-food 
if it is not well consiu’ved. Doth these are saved, to a 
great extent, as the experiments show. In two well 
lined pits manure was gathered. In the one, fresh 
manure alone was placed ; in the' other, layers of old 
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inanuiv were added to the fresh. At the? end of three 
inontJis the results were : — 


A. — OUDINAKY PKESfr MANURES : 


In Kilogrammes. 


Dry substance 

Nitrogen. 

At first 

BO‘2- 5 

-212-84 

4-022 

After tliree montlis 445* 0 

112-8‘J 

8‘221 

Loss 

B47- T) 

‘.Ml-O.-) 

1-401 

I. OSS per cent . . . 

48-80 

47-07 

80- 81 

B.— CONSERVED WITH OLD MANURE IN LAVERS. 

In Kilogrammes. 

Quantity. 

Dry substance. 

Nitrogen. 

Upper layer 

802*5 

-212-84 

4-022 

Lower layer ... 

L50-0 

87-05 

0-708 

Total 

052*5 

•24'.)-‘)9 

5-880 

In Kilogrammes. 

Quantity. 

Dry substance. 

Nitrogen 

,\ ftor three* months 



Upper layer 

480- 0 

128-41 

8-8-27 

Lower layer 

140- 0 

■24-04 

0-720 

Total 

570- 0 

1 48-0.5 

4-047 

1 iOSS 

88'2- n 

101-114 

0-788 

Loss per cent.... 

47-00 

48-00 

10- 91 


So that the Nitrogen lost was only IG’H-l per eeiit. 
against 30*31 in the manure not conserved by the simple 
process mentioned above. 

It has been calculated that the loss to the farmers 
in Germany arising from neglect of the manure heap, 
and especially from carelessness in conserving the urine 
of cattle, amounts annually to Rs. 270,000,000. 

But notwithstanding all the care and attention be- 
stowed on the manure heap we cannot find even in Europe 
ifciid America a sufficiency of this natural fertilizer, 
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though, owing to the stall-feeding and stabling of cattle, 
a great deal more of much richer manure is manufactured 
on the spot. In India, as every farmei’ knows, even thf 
very small portion of land under irrigation cannot receive 
manure enough from the cattle, and if agriculture is to 
revive in India, recourse will have to be taken to other 
means of which there are a great many. 

Already, around the larger towns of the Deccan, 
immense (]uantities of human excreta, formerly removed 
at a groat cost to the municipalities, who paid contractors 
for the work, arc now employed as a fertilizer for sugar- 
cane. It analyses 

Nitrogen. Phosphoric. Potash, 
acid. 

Presh, Solid and Liquid, *85 *20 *21 per cent. 

Removed from pits. *37 ‘10 *15 ,, 

Municipalities generally set the excreta in trenches 
covered with earth and when it dries it is cart(?d away 
to the fields. 

In the Cantonment of Poona pits of convenient 
length and width are dug, sometimes live fe(^t deep. 
Into these pits the night soil and dry pulverized earth arc 
put in alternate layers and equal proportions. A capital 
nanure results, but it is not ready for several months. 
It is not of course so concentrated a manure as poudrett< 
made in the ordinary Poona way. Poudrette is recog- 
nized as an active and powerful manure for all irrigated 
crops in which a rapid and luxuriant growth is desirable. 
It is’ very suitable for sugar-cane, vegetable and all fodder 
crops. It is too forcing for grain crops and fruit trees. 
The plant is stimulated into active growth at the expense 
of fruit or grain. 
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Poudrette is seldom applied except where irrigation 
Is practised. It is used at the rate of 15 loads per acre 
up to as much as 18 loads per acre, for sugar-cane. 

Dr. Leather’s analyses show that Poona poudrette 
contains about 1 per cent, of nitrogen, and generally a 
slightly higher percentage of phos])horic acid. The 
percentages of these ingredients vary with the percent- 
age of moisture. The sugar-cane-growers around 
Poona have made great use of it with resultant good 
crops, and the municipality have increased their income, 
proving again that dirt is a good thing in the wrong 
])lace when it is about the surroundings of villages 
and towns, and in the right place when ploughed into 
the fields. 

There ^re not many fields in India so convenient- 
ly situated as to obtain any large cpiantity of human 
excreta for manure, but the usefulness of the filth of 
cities and its monetary value might be brought home not 
only to municipal towns, but to every village in the 
country. The question of caste will not interfere, as is 
well known round Poona, Ahraednagar, Madras and 
other Indian cities. 

Though not in such enormous quantities, blood can 
be obtained, dried in shallow pans, and stored against 
the time it is needed as a fertilizer. Blood meal 
analyses : — 

Nitrogen. Phosphoric acid. Potash. 

11-8 1-2 0*7 

showing how rich it is in nitrogen, the chief and most 
costly plant-food. Compared with cattle manure it 
contains nearly 36 times as much nitrogen, so that a 
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littlt' over 2 lb. would contain as much nitrogen as one 
Bengal mauiid ol’ cattle dung. It is also more activ(‘ 
and ol imiiiense benetit to all cereals. 

Il<jrnmeal is more difficult to obtain, but contains 
lU-2 cent, ol' nitrogen and 5'5 of phosphoric acid. 
'Th- fj.>t.a«]i can always he supplit^d i)y mixing ashes or 
pchisli salts. 

We se(' that b('sid(‘s the excreta of cattle there arci 
otic I portions that can be used for manures when thc‘ 
caith die, and om' the most important is bonemoal, 
so little muh'.rstood throughout the country. 

Wlu'u 1 ask a I'arnKu- why he puts tlie leaves of trees 
intu the soil to manure his paddy fields he says his father 
did it bidorc liiin and eve.ryom'. do(^s it now, and it is 
sutlici< nt to find good r(‘sults following. He is nuiu^ 
right. But souuione must have, start'd using leaves as 
maniiit', and others began to benefit by it. Formerly 
people trav(dl('.d in bullock (*arts. After the railway was 
madr this was found an easier and quicker way of getting 
ah( >nt. When tlie tramway was about to he introduced 
into ]>oinh;iy, it is said no one would buy shares in the 
company, as they wen* c*.ertain it would be a failure. Tlie 
.\uicricans who took .shares knew betUa* and it is a great 
sia*c.es^. hirst .s(*e if a thing is reasonable, wait, if you 
wish it, till you can gain by the experience of others, but 
thtui usi* wiiat brings a benefit with it. To act otherwise 
would l)(*. foolish. The clever farmer who takes advan- 
tage of till' manuring he learns from the West, will 
prosper; the over-coiiservative must be hd't behind in the 
nice. Has bone been tried? Yes, not only in Europe and 
.America and Atrica and Australia, but also here in India, 
and always with splendid results. In Ceylon no native 
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sends one lakh ot‘ tons of bones annually to Germany, 
enough to fertilize with phosphoric acid *J0 lakhs of acres. 
Is it not reasonable to use hones? The fanner uses leaves 
to put back in small quantities what trees liav<'- taken 
from the soil. Now animals feed on what the soil 
produc(;s, and, to form hone, lime and phosphoric acid 
ohtaitted from the plants are required, for bone is judnci- 
pally phosphate of lime with a certain amount of nitrogen- 
ous ma.tt(‘r, which keeps the bones from heeoming too 
bi itrd(‘, and is also a siihstanc«‘ of tht' great(tst importaiuje. 
in iMiiniifing. This firmest and strongest ])art of the 
animal has [)een collected from tlui soil and goes hack in 
the shap«.‘ of honemeal. Why will not ordinary bones 
do as manuruj ? Mecause the outside of tln^ boue is c,overed 
with a hard (vising of enamel which kiieps out tln^ water, 
and water is recjiiiii^d to decompose it and I’educe it to 
the nitrogen, lime, and pliosphoric acid which form its 
component parts. The boiKJ is crushed in a mill into 
very line pieces, the soft parts are exposed in (iviiry 
dirc'.ction to damp and heat, the bone d(‘compose,s, and 
food is ])lace(l ready for consumption by the plants. 

Thei't^ may be a dilliculty in ohLaining finely ground 
honomo il. In such cases fanners are advise<l to have 
the larger h».)nes Ijroktm into smaller pit'.ces, and then, 
having dug a hole, say h ft. by 4 ft. by 4 ft., strew the bot- 
tom with I inches of ea»*th, cov(U- this with 4 inche.-: depth 
of unslaked lime, folio wt^d by 4 inches of boms and repeat 
this till th'i pit is filled, taking care, h( 3 wever, to place a 
few poles in the pit, so that when it is tilled, they may 
be pulled up, and water poured in may find its way to 
the «piick-lime. In three months thii bone will be 
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powflored and the earth from the pit, witJi ashes, will 
make an excellent manure. This was tried successfully 
on the Demonstration Farm in the Jiinagadh State. 

Kor all root crops, for the grains of cereals, for seeds 
of all sorts, and for fruits, the phosphoric acid contained 
in hones will be found of the greatest value. Bone 
contains about 1 per cent, nitrogen and about per 
cent, phosphoric acid. 

In combination with salt])etre, in the proportion of 
M maunds of bonemeal and 80 seers of saltpetre per acre, 
it pi()duc(*d ihe most astounding results on the Burdwan 
Government Farm. The following table speaks for 
itse lf and may ]) 08 sibly inlluence others to make a trial 
with tlie fertilizers mentioned, at least if cattle manure 
is not procurable', whilst others may try the different 
manures side hy side for comparison. 


Average of 12 years ending 1008. 


Nature and ({uantfty i 

! 

Outturn 

Cost of 

i 

j Profit 

of manure per acre. 

i l>tu* 

aere. 

iijctiiui e 

■per 

acre. 

j 

1 


per 

acre. 




Grain 

Straw 

Ks. 

1 

1 

a. 

f 

Us. 

A. 


lu. 

lb. 1 





Cowdung (100 inds.) 

8550 

4479 

4 

0 

80 

5 

Unman un‘d 

l.t74 

2174 ' 



16 

7 

Castor Cak(' (0 mds.) 


4028 

12 

Oi 1 

r,o 

5 

Bonemeal (8 mds.) 


5J24 1 

5 

8 ! 

80 

15 

Bt>neineal (0 mds.) 

8962 

5500 ! 

! 11 

0 

84 

10 

Bonemeal (8 mds.) * 


1 

1 




Saltpetre ^80 seers.) i 

4.889 

i 

6178 

0 

4 

1 

10.5 

0 


Here wt> see the difference between manured and un- 
manureel land and the immense profit from a combi- 
nation of two deshi fertilizers. And yet bonemeal is so 
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little iisp-fl. The Gennan fanners, perhaps the best in 
the world, know a good thing wiien they see it, as do 
also German traders, with the result that about a lakh of 
tons of bonomeal find their way to Germany, year after 
year, while the goneral complaint of our people is that 
they have not manures enough for the land. In tliese 
experiments, carried out by an Indian member of the 
Department of Agriculture, it is evident that in the 
absence of cowdung, excellent crops can be obtained 
by the use of other fertilizers, more concentrated and 
conse()uently more effective with so early ripening a 
crop as paddy. 

The trade in saltpetre for luanurial ])ur[)oses is cm*- 
tainly not what it should be. Tts development in the 
Punjab, United Provinces and Bengal would have the 
most astounding effect upon the wh(‘at crop if bom* were 
used with it. 

In d inaunds of bonemeal we find 

Nitrogen. Phosphoric acid. Potash. 

10 11). 55 1b. — 

In 80 seers saltpetre 8 ,, — ‘20 lb. 

For wheat a different combination of tlie same 
manures would be required. For those who do not like 
to use bone, other phosphatic manures, such as Basic 
Slag and Superphosphates are available. 

Amongst the most costly but (phckly acting ferti- 
lizers are Nitrate of Soda or Chilisaltpetre containing 
15*5 per cent. Nitrogen, Sulphate of Ammonia with 
20*5 per cent. Nitrogen and the lately manufactured 
Lime-Nitrogen ; but they are not complete manures, as 
the}’' contain practically no phosphoric acid or potash. 
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A ^I'eat numljor of Ujaves arc? used in tlie Madras 
Presidency as well as other parts of India, not merely a> 
well-iottt^d i(iaf mould, but also fresh from the trees. 

'Fabacco stems also s(*rve as a fertilizer; but the 
quantity requirtid is more or less guess work ()wing to the 
ahsciuMi of any knowledge of the analyses of the manures 
or of that of tlui cro^) to be produc(Ml. 

When we find that the costliest manure constituent, 
th(‘ Nitrogen, can beobtaint'd from tlui air, it appears to 
b(^ th<; cln^apest and (‘asii^st way to enrich the soil, by 
growing c(;rttdn c.rops in whosi' roots bacteria settle and 
nourish t}u'ms’(*lves and the crops by drawing tluur 
nitrogeuious food supply from the air, provided that 
po(;isl) and plios])horic aitid iivo. in sufticient (juantities 
W) (he soil, 

These platits wlnm decp-roohul aerate tin' soil and 
allow tin' water to percolate idglit through tin', suh-soil, 
they s})a(]<‘ the land and thus keep down weeds, and, 
(wen wlnm they aia; re.movcul from tin' acre as a harvest, 
leave behind tluun large supplies of nitrogen in the 
nodiib's hirmed lyy the bacteria on their roots. When 
ploughed in they serve to improve the texture of the soil, 
as eat tie manuia', does, and large quantities of nitrogen, 
phos|.dioric acid and [)otash bocoiin^ available to the suc- 
ci'('ding crop. Sandy soils become lirmer and receive 
more humus, and heavv (day soils are aerated and 
rt'ndt'red h^ss cold and adhesive. 

(h'een manuring is not unknown in India, and beans 
pt'as, ('tc., ai(' f reijut'ntly grown and ploughed into the 
S()il wlu'ii the dowering season begins. They certainly 
enri(;ii th(‘ soil because they take their nitrogen from 
Mu^ air by means of the bacteria in the nodules formed 
on the routs ; but, till complete decomposition takes place 
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thtiy I'eturn very slowly to the soil the phosphoric acid 
and potash taken from it to build the body of the plants. 
8'o render these of far greater use, phosphoric acid and 
potash should be used to manure them, the soil will 
improve, the crop will be far more abundant, and a far 
greater amount of nitrogen will be placed at fch(' diposal 
of the next crop when the green manure is ploughed in. 
An obje.ction to green manuring may be raised (nving to 
the amount of acids ])laced in the soil with the rotting 
leaves. This is avoided by rotting tin' grt'cn manure in 
pits and by tlio use of liim^ on the field wIk'H pl()iighing 
in th(^ crop. 

Now-a-days it is not sulhcieiit to study nu'rely the 
(‘fleets of the manures. C()mp(U.iti()n is so gn-at that a 
farmer who wishes to prosper must also leum th(i action 
of soil bacteria in the preparation of plant-food. Ihiosti 
play so important a part in Agriculture that chemical 
analysis is consi(l('rably out in gauging tlu'. fertility of 
soils, and the reports arrived at by ])urely chemical 
methods give V(u’y imperfect and unreliable rcjsults. 
-Besides the fertility of tluj soil as «;videnc(Kl by chemistry 
we must take! into consideration the inflntmce of bacteria 
and th(^ action of tlu*. jilant roots iheinsolves in search of 
theii food, of which vtny little is understood at present. 
But these are subjects that require much deeper study. 
They are only referred to in order to show how the 
manure becomes more or less valuable by their action in 
the course of the decomposition of manurial matter. The 
bjicteria (infinitesiiiially small forms of vegetable life), 
that cause nitrification in the course of decomposition, 
change the nitrogen contained in the cattle manare into 
the nitrogen in its saltpetre combination; but while so 
prepared and ready as plant-food it is i tjduced by other 
destructive bacteria into the free nitrogen that finds its 
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way into thf^ air and is lost to the manure heap. To 
rheck the action of these latter bacteria it has been 
ascei’iaiiied that inoistiii'e and the exclusion of air are 
very useful and it is on this account so much stress is 
laid, vvIkui treating- of the manure pit, to pour on to it 
the mini' and pivss the heap well down and keep it 
covtu'c'd. 

Wa<*n('r‘s (‘xperiments show that the nitrogen in 
t]u‘ (lung works veiy slowly whilst that in the urine 
shows imm(*diaf(‘ (3tf( Cbs. This can easily l^e understood 
when it is hor’'e in mind that the dung contains nitrogen 
which was not ('xtractod (*ither in the pr(3cess of digestion 
or dccomp()siLi(m going on within the animahs body, 
whilst the urine contains nitrogen that is obtained from 
the chang(3d material of the animal’s body, which 
d(3C()mposes rapidly, and (juickly forms compounds of 
ammonia and saltpetre. In a very short time urine 
(‘.xposed to th(3 air humients, producing at the same time 
ammonia. 

At the (Tornian Experimental Station of Kostock a 
miinher of experiments were iind(;rtaken in successive 
years to sliow tlie rapid action of various forms of farm- 
yard !)uinure as compared with Chilisaltpetre or Nitrate 
of Soda, one of the (juickest acting nitrogenous manures. 
The tollovving figures show the results in tub experi- 
ments : — 

Straw and Corn. 

1. Without Manure 10*0 Grammes, 

•i. Standard Manure iPotash and Phos- 
phoric acid only) 10*4 
»> M plus 0*4 grammes 

of Nitrogen in 
Chilisaltpetre 67*1 ,, 
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Straw and Corn. 
10*0 Grammes. 


1. 

Standard Manure plus 0*4 grs. in 




Cattle Urine 

521 

5. 

j ) 

„ plus 0*4 grs. in 




Cattle Dung 

120 

(i. 

,, 

,, plus 0*4 grs. in 




Horse Urine 

(50-9 

7. 

1 ) 

,, plus 0*4 grs. in 




Horse Dung 

12-7 

8. 

>» 

„ plus 0*4 grs. in 




Groundnut cake 

48-7 

9. 

n 

,, plus 0*4 grs. in 




Green manure 




with Lupines 

82'2 


Without further manuring the same experiments 
were contmued next year, but the result from the dung 
which should have decomposed by this time, showed 
scarcely any better results. The above experiments 
were made with oats, and many practical farmers 
objected to it, as they said the value of dung could not 
be ascertained with such a crop. Trials were then 
made with barley, and the average returns read as 
follows : — 

Crop. Crop. Crop. 
J. Without Manure 7*1 gr. 0*0 gr. lj‘0 gr. 

‘2. Manure without Nitrogen 10*1 „ 7*8 ,, 8*4 ,, 

allowing per ,, tub 
Grammes Nitrogen *4 ’8 1*2 

8. No. 2 plus Chilisaltpetre 34*2 gr. 52*1 gr. 62*3 gr. 


4. „ 

,, Cattle Urine 

35-4 „ 

491 „ 

50 1 

5. „ 

Dung 

9(5 

10-4 „ 

18-8 


„ Horse Urine 

37-2 „ 

52-7 „ 

, 53-5 

7. „ 

„ „ Dung 

12-0 „ 

16-5 . 

, 14-6 
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(!rop. 

Cio|). 

Ci'op 

3. 

No. 2 i)lus Sheep Urine 

;<0-7 f,n, 

, 47-7 gf. 

50-8 gi-, 

9. 

Hang 

•'>'2 „ 

O'l „ 

16-8 

10. 

,, ,, Bye Straw 

101 .. 

I'H 

•2-7 .. 

11. 

,, ., Cattle Manure 





i.e., Dung Urine 




and Straw 

271 „ 

•11 

48'2 „ 

1(). 

,, fj eaves from th 

<* 




beech 

O'l „ 

10 

8-2 

20. 

,, ,, (rreen Manure 





Lupines 

101 

20-0 

88-2 


lie re \v(‘ see tliat the dun^ was scarcely effective at 
all, th(‘ straw was positively harmful, the fallen leaves 
about the saiiu\ hut the urine was almost as effective as 
Chilisaltpetre. The cause of the ill-effect of the leaves 
as a nitrogenous manure is explained by Stutzer. He 
found bacteria that fed upon the carbon combinations in 
the leaves and at the sam(‘ time were nitrogen con- 
sumers. Oxen, hoi'ses, and sheep consume straw and 
the r(unains of it are found in the dung. The saltpetre 
in tlu^ dung is changed and disappears rapidly and this 
can he provi'd by placing in liorse dung a small percent- 
age of saltpi^tre. By chemical re*agents it will be shown 
tliat, in the course* of a h*w days, the saltpetre contents 
diminish and in about a week’s time disappear altogether. 
That these bacteria deprive the plants of the nitrogenous 
food IS apparent from tlie following table comparing the 
results of manuring with nitrogenous fertilizers and the 
e.vereta of cattle and of men and carnivorous animals. — 


Ihibs Harvest. 

series. 

1. Without Manure op. 

o 

*.i. Phosphoric acid and Po- 
tash but no Nitrogen dd’o ,, 
Plus Nitrogen O’oB ,, 


•2nd drd 
series, series. 
31*^) gr. 2(5*3 gr. 

29*9 „ 2G*() „ 
10 „ 1-5 „ 



Tubs Harvest. 
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1st 

series. 


2nd 

series. 


3i(l 

series. 


8. No. 2 plus Chilisaltpetre 74*7 gr. 88*8 

gr. 71-7 


4. „ 

„ Ox Urine 70*2 „ 82*4 

751 

» f 

5. ,, 

„ „ Dung 11*8 „ 44*9 

„ 58-5 

»> 

fi. M 

,, Horse Urine 70‘fi ,, (5l)*2 

79 0 

»» 

7. 

,, ,, Dung 15*3 „ 10*4 

8-8 

»> 

8. „ 

„ Human Urine 74*7 „ 98*8 

.. 82-7 

t » 

9. „ 

,, Human Dung ()9*() ,, (U*!) 

„ 80-9 

tf 

JO. ,. 

Dung of Carnivorous 




animals (a) 52*7 „ fifi O 

(521 

» * 

11. „ 

„ „ (di 50*0 „ 60*7 

„ 74-2 

tf 

12. 

„ Stable Manure (50*5 „ 7(5*7 

.. 79-8 

ff 

13. „ 

,, Straw 8*0 „ 4*8 

4-8 



These, tables are not produced to condemn the use of 
cattle dung, or straw mixed with it, or to point out the 
(excellent effects of human excreta as nitrogenous manure, 
but to show how little effective is the dung of cattle when 
used alone, and to bring liome to the peasant that heaps 
of ill-prepared cattle manure may be of very little use 
though it is as troublesome to keep, to cart, and to 
spread on the fields, whilst the addition of urimi is 
exceedingly beneficial. 

But that dung has a lasting effect upon the soil is 
evidenced by an experiment at Kothamsted. 

The unmanured soil which produced 2,4ri0 lbs. of 
barley per acre for 20 years gave a harvest of l,55fi lbs. 
during the next five years and this average was gradually 
lowered to 1,800 lbs. in the quinquennial period ending 
with the year 1905. 

At the same time land manured with dung produced 
5,980 lbs. during the first 20 years, and then, though no 
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fiu'ther manui ti was used, pi’oduced an average of 
lbs., during the next five years, which gradually fell to 
‘2,480 lbs., in the period ending 1005. 

Where dung was used e'very year the first ten years 
showed an average of 5,080 lbs., rose to (>,888 lbs, in th( 
next ([uinijaennial ])eriod, and in the final period produced 
(),220 lbs. 

A study of lh(' action of battteria is most important 
to save a loss of the most costly constituent of stable 
manure, viz., the nitrogen. The straw contained in tin 
stable manure, tin' dead leaves and the rubbish cast int( 
the heap, all have not, only an excellent physical effec 
0 ?) the soil hut have also their chemical value, providei 
means an; tak(in to prevent the waste in organic sub 
stance, and in plant-foods, that results from ‘carelessnes 
in the management of the manure heap. Holdefleiss, tli 
great Ger)iian authority on cattle manure, states that b; 
the ordinary treatment of stable manure in Europe, 8 
lbs. nitrogen are lost for every head of cattle per annuir 
which would mean a loss, from 100 head, of not less tha: 
a wagon load, or about 11 tons of Chilisaltpetre. A 
numtioned hel'or(‘, this <‘an be avoided, to a very grea 
extent, by liavmg a water-tight fiejor fin* the manure hea 
and pressing tlie dung well down to prevent the action ( 
thos(^ organisms that l equire the air for their existenc 
and deprive the manure of its nitrogen, and to encourag 
tiie work ol such as do not require air to live on, cauf 
fermentation, and lielp decomposition and the productio 
of nitrogen in a form easily available for plants. This ca 
he done by pressing down the heap and pouring upon 
the liquid excrements, so that the interstices throng 
which the air might pass become filled up. 
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Nitrate of Soda and Nitrate of Potash, all oil cakes, 
bonemeal and supeiphosphates together with potash 
salts, can be ground very fine and spread either singly or 
mixed. The even distribution of all fertilizers is of im- 
portance so that one portion of the field may not have too 
much and the other perhaps too little plant-food, and fine 
grinding helps rapid decomposition and therefore places 
the plant-foods quickly at the disposal of the plants. 

It must be borne in mind that plants take up their 
foodstuffs in the liquid state and they have the power to 
make a selection, to a certain extent, according to their 
wants ; though the superabundance of one mineral in the 
soil or the manure may result in more of that special 
mineral being taken up by the plant. The acids, such as 
phosphoric, nitric, and sulphuric, taken up by plants,, 
in the form of salts, are found frequently in combination 
at times more with lime or potash or other bases, and, as 
the acids are principally required by the plants, the salts 
are taken up to invigorate the plants, leaving larger 
quantities of minerals which are found in the ashes. One 
and the same plant will have a different percentage of 
minerals according as it is grown in different soils. 

Lime. Potash. 

Thus Brassica Napus shows on Lime soil 43*G0 12*34 

on Clay llj'48 25*42. 

Trifoiium Pratense shows on Lime 43*32 9*60 

on Clay 29*72 27*20 

We sec the same with sugar-cane when grown with 
manures containing much chloride of sodium, or in soils 
saturated with common salt. Such quantities of salt are 
taken up by the plant that, though it apparently thrives 
and fattens, the end for which it is grown is not attained, 
the sugar resulting from the crushing being so very little. 

10 
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It is wonderful what power thcj roots of a plant have to 
dissolve the hardest substance, for even marble gets cor- 
roded by them, but they absorb the food most handy, 
often taking one mineral more easily attainable than 
another. It should therefore be the aim ol! the farmer to 
place at the disposal of tl)e plant all the food it requires 
in an easily soluble condition. 

Jf, for instance, we place n big bone at the roots of a 
plaTit, the oily matter and the enamel prevent the entrance 
of water to cause decomposition ; but if the same bone is 
dried and powdered, it is divided iiito so many parts that 
th(^ soften’ portions are exposed on all sides and decomposi- 
tion tak(‘.s places far inore rapidly. 

^riu'. saiiKi care slionld be taken when oil cakes are 
usenl as fertilizers. The liner they are crushed and the 
more evenly the'y an'SCiitten-ed, the sooner will (decomposi- 
tion take' place' and allow tlu‘. plants to gatlun* the liquid 
food the'v reijuire. The pity of it is that so much oil cake 
prenlueeil in the country is forwarded to Europe to feed 
tile catth' tlun’ej, whilst the cows anel oxen in India are 
left te) ))(; satisfied with dry unpalatable grass of little 
nuti’it ie)us weu'tli. 'The oil pressed out of the seed may be 
('Xjiorled anel will fetcJi money. It takes practically noth- 
ing ol any iiuportaiice from the soil, but the residue, the 
cake, e’ontains the fertilizing elements of the soil, and 
shenild be returiu'd to the land, either dried, or through the 
cattle, which will benefit immensely by thefood, and return 
to the land whatever has not been appropriated in the 
formation of ileshand bone. With the cry of Swadeshi 
ringing throughout the laud, why will not the people feed 
their cattle with the produce of the soil, and fertilize the 
land with the excreta of the oxen thus improved, instead 
of selling these by-products for a paltry sum and seeing 
it shipped off to those in Europe, who know^ the full 
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worth of them and take care to obtain the very best 
value by feeding their cattle and Lind at the same time. 

But here we must note a most important law in 
Agriculture, viz., the law of Minima. Nitrogen alone 
would never produce a halm, a leaf, or a grain, nor would 
any manure or combination of manures unless every 
material necessary for building up the plant, such 
as phosphoric acid, potash, iron, and a number of 
other minerals, is at its disposition for food. As a rule 
most soils contain all these in abundance. In cultivated 
lands the greatest difficulty is found in supplying four, 
viz., nitrogen, phosphoric acid, potash and lime, and we 
must, in speaking about manures, restrict ourselves princi- 
pally to these and note their particular action. Even in 
grass we find all combined, for the cattle that feed upon 
it change, it into their flesh and bone, and chemical 
analyses of the animal itself show that the flesh contains 
nitrogen amongst other substances; the bone, phosphoric 
acid, nitrogen and lime ; and the hair, a great deal of 
potash. This is particularly the case with the wool of 
sheep. The dung and urine, as we have seen, also contain 
all these substances. If cattle are fed well, not merely 
on grass but with a certain allowance of oil-cakes, the 
farmer is aware that the animal improves wonderfully 
and he should learn that even the excreta of his oxen 
give him a far richer manure. 

Below will be found a list of fertilizers which may 
be used on the farm, either alone or as a supplement to 
farmyard manure, take its place when it is not to be had, 
or be added in varying quantities to suit the require- 
ments of various crops : — 

Fertilizers used principally for their contents in 
nitrogen. 
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Nitrogen. 

Phosphoric 

Potash, 

1. (hiilisaltpetre or 
Nitrate of Soda 

lar) 

acid. 


‘2. Sulp]uit('. of Ammonii 

1 20- 5 



LiiiK! NitrogcTi 

20-0 



4. Blood meal 

11-8 

J-2 

0-7 

5. Castor cake 

5-0 

1-2 

10 

f). (Joconut cake 

a-7 

2-0 

1-8 • 

7. (Iroundnut cake 

7-6 

1-5 

1-5 

8. Karanji cake 

8-5 

1-6 

1*9 

1). Mhowra cake 

2-0 

0-9 

0-8 

10. Sunflower cake 

5-9 

2-1 

10 

1 1 . Niger seed cake 

4-5 

2-4 

1-0 

12. Cotton seed cake 

2-5 

1-2 

2-4 

18. (lingelly cake 

5-9 

1-4 • 

8-2 

14. Safflower cake 

5-8 

19 

1-0 

15. Ne(‘m cake 

4-4 

1-2 

1-4 

1(). Tobacco steins 

8-0 

i-8 

(5-0 


Th(3se used principally for their contents in phosphoric 
acid 



Nitrogen. Phosphoric 
acid. 

Potash 

17. 

Bone superphosphates 0*5 

200 

01 

18. 

Joprolite ,, about ... 

300 

... 

BJ. 

P»one ash 

35 0 

0-3 

20. 

Basic Slag 

17-5 

. • • 


Others that combine nitrogen and phosphoric acid : — 



• 

Nitrogen. 

Phosphoric 

acid. 

Potash. 

21. 

l')One 

40 

23 0 

. . . 

22. 

I'^eru Guano 

12-0 

9*0 

'2-6 

23. 

Fish 

8-0 

6*1 

• 
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Manures used for the potash they contain : — 

Nitrogen. Phosphoric Potash, 
acid. 


24. Sulphate of potash 


.500 

25. Muriate of potash 

... 

52-7 

26. Kainit 


12-8 

27. Wood ashes 

1-5 

2-0 


Manures containing nitrogen and potash : — 

28. Nitrate of Potash or 

Saltpetre 18‘5 ... 44*0 


The excreta of birds and animals contain all the 
elements of plant-food as do most of the oil cakes which 
have been placed amongst the nitrogenous manures : — 


Cow dung 

0'3 

0-19 

O'l 

Cow dung litter and urine 0*5 

0'3 

0-4 

29. Sheep'manure 

30. Poultry droppings 

0-09 

0-4 

0-75 

(part dried) 

3-7o 

2-4 

1-7 

31 Pond ret te 1 

to 1-4 

1 to 2-7 

-.5 to 2-7 


Lime can scarcely be considered a manure in itself 
though it is required in fairly large quantities by certain 
plants, but it improves the physical qualities of the soil 
as it mixes with the clay and serves to break it up 
and render it less compact. It is also useful in depriving 
soils rich in humus of their free acids which are harmful 
to plant life. It also helps to free different plant-foods 
and to further nitrification. After green manuring it is 
specially valuable. A common saying is that lime 
enriches the father and impoverishes the son, a saying 
which may be true where manuring is not resorted to. 

“ Lime employed without manure 
Makes both farm and farmer poor. " 
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Lime is of great value where laud has an acid reaction, 
due to the presence of excess of decomposing organic 
matter yielding organic acids — a condition most noti- 
ceable on low wet lands. 

As to the value of Lime we have the following 
expression of opinion by Paul Wolff: — 

“In the use of cultural means for farming at the 
present time, there is a great divergence from the practice 
not only of former times but of only a few years ago. Our 
fathers and grandfathers when they wanted to increase 
their retruns were restricted to the use of lime, marl, 
gypsum, and latcn* on at the very most Peruguano and 
Bonn meal. Now-a-days a far greater number of 
materials are at his disposal obtainable from the soil at 
liome or abroad, such as Stassfurt Potash Salts, Chili- 
saltpetre and Raw Phosphates, as also the p*hosphoric 
acid that clings to iron and is removed from it as Basic 
Slag by artilicial means. Many people, even the writers 
of Agricultural Works, place these first and mention lime 
last. Hovv’ often do we read and hear that the chief plant- 
foods are N itrog(m, Phosphoric Acid, and Potash. Great 
essays are spun out on the subject and it is considered 
suilicu'nt to say just a lew words about lime. This 
opinion that lime is a plant-food of little value has un- 
forturately found its way into practical agriculture and is 
spreading there to the great loss of the farmer. Much 
has been said and written against this opinion but 
ceitainly not enough. In order to increase the harvest 
the question ol liming the soil is at least as important as 
the question of Nitrogenous manuring with reference to 
the fertilizers mentioned above. Agriculture can be 
earned on, where the land is poor in lime, only where 
bine, in some form or other, is added. The great import- 
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ance of lime in Agriculture lies in its many-sided 
effects, of which the following may serve in a few words 
to refresh the memory : — 

To begin with, lime is a constituent of plant-food 
that cannot be replaced by any other, and is as necessary 
as Nitrogen, Phosphoric Aoid*and Potash. It is import- 
ant to remember the basic property of lime to neutralise 
acids both in the field and in the meadow. Another very 
important power of lime is to render soluble many organic 
and inorganic components of manures and soils, and thus 
to place these at the disposal of plants and hasten their 
growth. Numberless examples from every day pi’actice 
show how the addition of lime in soils poor in lime 
increases the returns. To take but one example, — on 
sandy soil on a farm in Niederlausitz the harvest was 
6,1 cwt. Jiye on one hectare of land. It was considered 
useless for crops. However it was tried again after 
repeated treatment with marl, the manuring being con- 
tinued, and the result was a crop weighing 11 cwt. which 
was increased to 16 cwt. ; in other words 9.] cwt. more 
than was obtained formerly witiiout lime. 

Prom the above wo can see the importance of knowing 
whether a soil is wanting in lime or not. This can be 
done by means of the Soil Tester of Professor Paul Wolff, 
obtainable from Messrs. Paul Funke andCo. No. 4,Chaus- 
seestrasse, Berlin, complete with scales, bottles, acid, etc., 
for Rs. 15. The apparatus is practical and its use simple 
and intelligible to all. 

The bottle on D. R. G. M. should be filled with 
water till it stands at the black ring marking 0. Now 
weigh 10 gr. of air-dried earth on exact scales and pour 
it into the bottle at the left so that none of the earth 
remains attached to the neck, fill the pear-shaped bottle 
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(rooeived with the apparatus) with muriatic acid, and 
from this pour it carefully, fasten the bottle and shake it 
till the acid mixes with the earth. Then connect it by the 
India rubber tube to the (lask containing the measured 
top, and, it' lime is contained in the portion of soil mixed 
with the acid, the water vvHl rise over point 0, and will 
I'ise by one-tentli per cent, showing the contents in lime. 
It the water ri^aches the line K on the tube it is certain 
the soil contains lime enough. In a few minutes a 
iiuinber ot such (ixperiments can be completed. 

A rough ketch of the apparatus is given below : — 



It must be noted, however, that, though we arrive 
at a fair estimate as to the necessity of liming, by means 
of the above apparatus, different soils give up their lime 
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foi* plant-food, not in the proportion of their contents, 
but according to their texture. If a soil shows O’l % 
of lime, it is risky to grow clover, pease, beans, 
etc. Where 0*75 per cent, is discovered there is a 
suttieiency of lime for all plants. But the percentages 
between show the different action of lime on different 
soils. Clays containing 0*5 per cent, lime will not grow 
plants that require much lime, whilst sandy soils contain- 
ing as little as 0*15 per cent, and light loams with 0*25 
percent, show splendid growths of lime-consuming plants, 
whilst at the same time moor soils containing 0*18 to 
3*20, need liming badly. When 2 per cent, of the 
soil is lime, the limit of benefit to be derived from it is 
reached. Poverty in lime is much more common than 
is believed. Of 1014 tests in Bavaria 301 showed that 
less than 0*2 per cent, of lime was contained in the soil 
ind consequently that there was not a sufficiency of lime. 

For those, however, who cannot get chemical 
analyses, or the apparatus mentioned above, there are 
Dther ways of ascertaining if the lime in their soils is 
sufficient. 

(1) The soil is poor in lime when the water issuing 
from it is of a brown colour as if it contained a deal of 
humus, and shows in the sun all the colours of the rainbow, 
such as are seen when kerosine oil floats on the surface 
ol water, and also the sides of the drains show the yellowy- 
red colour of iron combinations. 

(2) The same may be judged when on the surface 
^r in the sub-soil grains or streaks of sand appear harden- 
ed by iron combinations. 

(3) In fact where iron combinations of any sort 
appear on the surface or sub-soil, lime is wanting. 
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(4) When plants which generally grow in sour 
soils make their appearance, or the fodder grown is sour, 
though the land is not often submerged, we can judge 
that lime is needed. 

To further tost the truth of one’s conclusions a very 
simple chemical experiment may be tried. Buy a little 
Muriatic acid and in stepping across the field pour a few 
drops on difh^nmt spots. If a hissing sound is heard or 
the earth bubbles up, no liming is necessary : if, however, 
the acid merely wets the earth without the sign of a 
bubble, limi. g is recjuired and a trial should at least be 
made with it. 

Another easy way to determine the need for lime 
is to g(‘t a few pieces of blue litmus paper and place a 
piece in contact with the moist soil. If the soil is sour 
the pap(;r will turn red, and the degree of acidity will be 
detenuiiuul by the (piickness with which it changes colour 
and the density of the redness. Lime also helps to keep 
oif fungoid and insect pests. Clayey soils can stand more 
fr(M|U(mt and heavi(‘r applications of lime than soils of a 
lighter character, and lime tends to improve the condition 
of such heavy soils. According to their character soils 
of tlie lighter description are dressed with about 2 tons 
an acre, while cold heavy soils will take about as much 
as 12 tons per acre — such applications being made at 
intervals of Irom 5 to fi years. 

It is generally accepted, however, that lighter and 
more fro(|ueut dressings are preferable to heavy dressings 
at considerable intervals. The best way of applying 
lime is to make small heaps on the surface at regular 
intervals and cover these with earth. The mois^re in 
the earth soon causes the lime to slake, and when it 
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reaches the powdery condition it should be spread evenly 
and harrowed in. 

In India, as a rule, most soils have a sullicient supply 
of lime, and, even where it may be useful, basic slag or 
other fertilizers that contain the lime in combination with 
phosphoric acid, would he far safer and more effective. 

Having given the analyses of some fertilizers, it may 
be useful to add the analyses of harvests, so that the 
farmer may learn what his crops have taken from the soil 
and the minimum (quantity that ought to be returned in 
the shape of manures. 

It does not follow that a manuring with the exact 
quantity of food-stuffs taken from the soil will be the best. 
Much of the nitrogen, as has already been mentioned, is 
lost in the drainage and a great deal of potash serves as a 
carrier of nitrogen, whilst the action of phosphoric acid 
is so little understood that far larger quantities are con- 
sidered necessary in practice for the perfection of many 
crops than the; chemical analyses justify. 

As the table shows, different crops remove from the 
soil different quantities of plant-food, and the nitrogen, 
phosphoric acid, and potash are in varying proportions. 

Lierke's practical manure tables give the following 
analyses of medium crops per hectare, or acres, which 
would probably be far above the average in India: — 

Nitrogen. Phos. Potash. 

Acid. 

Crop lbs. Corn Straw Chaff 

1. Wheat „ 0,600 8,800 090 187 Ib. 75 1b. 99 lb. 

Oats „ 5,290 7,944 771 148 „ 00 „ 107 „ 

•1. Maize „ 9,918 14,330 8,300 234 „ 1 10 ., 280 „ 

„ 

kadbi 

(green) „ 110,200 209 „ il5 „ 405 „ 
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5. Potatoes 55,100 lb. tubers I 22^2 lb, 97 lb. 339 lb. 
6,61‘2 lb. leaves ) 


6. Meadow grass 13,224 lb. hay 

205 „ 

.55 „ 

209 „ 

7. 'robacco 3,967 lb. leaves 1 

3,306 lb. stems j 

-21R „ 

1 

55 „ 

250 „ 

8. Grape Vine-^ 

139 „ 

Irt „ 

150 „ 

9. Onions 66,120 lb. 

178 „ 

90 „ 

178 „ 


Accordiii^; to tho Qiieendand Agricultural Journal, 
the follow ing crops take from' an acre the quantities of 
plant -foods mentioned in the table below ; — 

Nitrogen. Phosphoric acid. Potash, 
Sugar-cane ... 1‘27 lb. 44 lb. 21)8 lb. 

Kic(j ... 41 „ 26 ,, 68 ,, 

Cotton ... 54 „ 19 ,, 40 ,, 

Of plants that make an excellent green manuring a 
few analyses of harvests may be given, so that farmers 
using such fertilizers may fully understand their value. 
According to fjierke, a medium crop per hectare, or 2^ 
acres, would remove : — 




Nitrogen. 

Phosphoric 

Potash. 




acid. 


Lucerne 70,528 lb. 
or 17,632 ,, 

f,n-een| 
hay. • 

507 lb. 

114 lb. 

320 lb. 

Lupi ies 22,000 ,, 
or 5,500 ,, 

gree?! 1 
hay. ( 

: 330 „ 

08 „ 

95 „ 

H'U’se beans 


^54 „ 

114 „ 

302 „ 

Ptase 


275 „ 

70 „ 

123 „ 

Clover 


4G7 „ 

335 „ 

405 ,. 


Most of tlie nitrogen from the harvests above men- 
tioiu'd was taken liy the crop from the air, so that by an 
expenditure of from 68 to 385 lb. of phosphoric acid and 
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95 to 405 lb, of potash the gain in nitrogen was from 
275 to 507 lb*, or the amount contained in 4l to 75 tons 
of dry Indian cattle dung : and nearly all this is gathered 
from the air. 

By comparing the food stuffs taken fi*om the soil in 
the foregoing tables with what can be supplied by cattle 
manure, we arrive at not only the quantities retjuired, but 
also at the difficulty \o supply these without wasting 
one food stuff while supplying a sufficient quantity of 
another. Take for instance, sugar-cane: to supply by 
cattle manure alone the great amount of potash required 
by the crop, enormous quantities would be required, and 
a great waste of nitrogen would result. 

With all leguminosaB, to place at the disposal of the 
plants the I’equisite phosphoric acid and potash, stable 
manure would cause a woeful waste of nitrogen, and 
probably be productive of more harm than good, for the 
bacteria at the rootlets, instead of then obtaining nitro- 
gen from the air, would be satisfied with the nitrogen of 
the fertilizer. 

A great many Indian farmers know from experience 
that cattle dung, far from being beneficial to leguminosae, 
such as groundnuts, is often prejudicial, almost always a 
waste. They may not know that the bact(u*ia found 
in the nodules at the roots of the plant draw down 
the nitrogen from the air and thus feed themselves 
and the plant together, but they do not see the necessity 
of using farmyard manure, and, in consecpience, use no 
manure at all. But it should be remembered that for 
every pound of nitrogen absorbed by the leguminosae 
they require about one pound of potash and about a 
pound and a quarter of phosphoric acid, so that the 
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common saying that these plants “ leave the soil bettei 
than tliey found it ” is only correct when a sufficiency 
of ])hoRphonc acid and potash is added to the soil 
in the form of fertilizers. This will be clearly under- 
stood when we analyse a clover crop and see what 
it takes from the soil. Most of the nitrogen may 
come from the air, hut the phosphoric acid and potash 
come from the soil, and when the crop is removed, the 
soil is poorc'.r hy just that amount of phosphoric acid and 
potash. 

At Uolhamsted the benefit to the soil of leguminous 
crops not ploughed in was tested by a comparison of two 
plots, one undei' lucerne, the other under wheat for 
eight y(‘ai*s. The lucerne crop contained 13 times as 
much nitrogen as the wheat crop, yet the former plot 
contained in an acre of soil 524 lb. more nftrogen than 
the latter plot at the end of the experiment. In other 
words the added nitrogen obtained from the air was equal 
to a dressing of 30 cwt. of nitrate of soda worth about 
Ks. 200. 

Om^ kind of manure contains a particularly large 
quantity of one kind of plant-food which it can supply. 
One manure may give large harvests on one field or with 
one crop to which it supplies just the kind of plant-food 
that IS missing or most required, while it will fail to pro- 
duce an equally good crop on anotlier field however mucli 
it may be applied. For this and other reasons the one- 
sided or special fertilizers are not used much in countries 
in which agricultural cheniiats leave not been at work. 
As :i rule only such manures find favour there which 
supply all the plant-foods wanting. We may, therefore, 
call these manures complete manures to distinguish them 
from theone-sided or special fertilizers which supply prin- 
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:ipall 3 " one or, at most, two kinds of plant-food. These 
complete fertilizers we find in excreta from domestic 
animals. They, in their food, have obtained the principal 
plant-food ingredients, and these appear in what has been 
voided. But the plant-foods are present in very small 
quantities, and as crops vary in the amounts of different 
inanurial ingredients taken from the soil, it is often advis- 
able, sometimes necessary, to add to this natural manure 
varying quantities of artificial fertilizers, and where the 
natural manure is deficient, to supply its place wholly 
by them. Bor this small quantity of special fertilizers 
supplies what happens to be deficient in the general fer- 
tilizer, and, having a comparatively large percentage of 
this one constituent, is equivalent to a large (quantity of 
tlie general fertilizer with which it is mixed. Thus one 
pound of bohe meal containing 20 per cent, phosphoric 
acid may be 50 times as valuable as a cattle manure con- 
taining 0'4 per cent, of phosphoric acid, and one pound of 
jnuriate of potash containing 52 per cent, added, may be 
equal to 200 pounds of manure containing in addition to 0*2 
per cent, of potash, 0'4 per cent, of phosphoric acid and 0*5 
per cent, of nitrogen. If, however, the soil were equally 
deficient in both these constituents and nitrogen as well, 
no amount of ashes or superphosphate would do 
much good by themselves. It would require ashes and 
superphosphate, and perhaps poonac as well. In that 
case about 1 pound of bone meal, two pounds of ashes (at 
5 per cent, potash) and 4 pounds of poonac would con- 
tain the plant-food found in 50 pounds of cattle manure 
having the composition given above. Therefore, even if 
all the constituents of plant-food supplied by cattle ma- 
nure are deficient in the soil, we may still replace or aug- 
ment cattle manure if we desire to do so. There are, of 
course, other special manures to replace these, such as 
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saltpetre for potash and partly for nitrogen, fish for 
nitrogen and phosphoric acid, poonacs, ^ bone meal, 
dried blood meal, and the various potash salts, nitrate of 
soda, etc. 

It must be ])orne in mind that, according to Liebig, 
“the plant doe.^ not live on single food ingredients, but on a 
nonrishiiient composed of different food-stuffs and every 
single consbitiKiut part of this nourishment is effective 
only in tb(‘ completed wliole.” 

According to the Law of Minima, if one plant-food 
constituent is missing no crop will result, and where one 
constituent is found in the soil or the manure or both 
combined, in an insufficient quantity, the harvest will fall 
in proportion as that particular constituent is wanting, 
notwithstanding a superabundance of all the other con- 
stituents. Suppose for instance the soil contains — 

Potash enough for 80 cwts. of paddy 
■ Lime „ „ 50 „ 

Phosphoric Acid 25 „ ,, 

Nitrogen „ „ JT) „ ,, 

the harvest jvill be 15 cwt. of paddy, even if large 
quantities of pbosphorm and potassic manures were 
added. Similarly if nitrogen were added in manure 
suificitmt to produce 100 cwts., the crop would increase 
to only 25 cwt., and if the phosphoric acid supply were 
inultiplied by tour, the amount of paddy obtained would 
not execied 80 cwts. For the potash in the field would be 
emuigh for that amount only, and not one pound more 
could grow without an increase in the potash placed at 
the disposal of the plant. 

l^or a crop of 10 tons of potatoes the nitrogen taken 
from the soil is 85 lb., the phosphoric acid 39 lb., and the 
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potash .136 lb. Now suppose ordinary farmyiird manure.: 
were used on land devoid of all plant-food the amounts 
required to supply the nitrogen at 0*6 per cent, would 
be about 7^ tons. This, however, at 0*4 per cent, 
would yield only 68 lb. of potash, and the result would be 
that instead of a crop of 10 tons the harvest would be 
only 5 tons, even if enormous quantities of nitrogen and 
phosphoric acid were added to the manure. 

The plant will respond fully to a complete manure,, 
i.e., to one that contains all the food constituents required? 
by the crop in sufficient quantities ; or, in other words,- 
if you require an excellent crop, without waste, you must 
have a full, complete, and well-balanced fertilizer. 

Professor Paul Wagner of Darmstadt has reported 
upon the increased harvests arising from heavy manuring 
with phosphoriQ acid. The experiments were carried 
out since 1898, with the greatest care and exactness. In 
1898 the harvest from the unmanured plot was 26 cwL 
of corn from rye, per hectare. The application of 6 owt. 
of nitrate of soda and 12 cwt. kainit produced no 
increase for the crop amounted to only 25*6 cwt. — 
practically the same as the unmanured plot. A.s soon, 
however, as 17 cwt. of 16% basic slag was added to the 
nitrogen and potash combination, the complete manure 
produced 51 *8 cwt. of corn. The increase of no less than 
26*2 cwt. of rye corn, with proportionate straw, was 
obtained by the addition of the slag, the constituent of 
plant-food necessary to complete the manure, showing 
that the soil was sadly wanting in phosphoric acid. 

Calculate the Nitrate of Soda at 40 marks, kainit 
» 18 fharks and basic slag 32, total 100 marks. Against 

this we have 261 marks for 12*9 cwt. corn and 28*8 cwt. 

11 



straw, m that the complete manure produced a net. 
profit of marks. 

Tiiih is a most important point to consider in farm- 
ing, for, as in all other business carried out in a proper 
mariner, (here should bo no waste, and yet the best pos- 
sible retiuns must be obtained at the least possible 
expense. One of the means of obtaining this end is to 
procure cattle dung containing large quanitites of nitro- 
gen, or, better still, a fair amount of phosphoric acid and 
potash as well as nitrogen. But this seems absurd, the 
peasant will say. How can we regulate what the cattle 
will void? It is not absurd, and it is esay to regulate it. 
A careful feeding of tin* farm cattle not only improves 
the animals in (3very way, but also gives a return in 
excellent manure. It they are fed on hay and hay alone, 
what is voided contains the greater part of whaUias been 
consumed. But hay is poorin food constituents of plants, 
and what is voided must be similarly poor. Every 
peasant knows that when a cow or ox is well fed it 
increases in size and weight and strength, and most 
fanners give the animal a supply of oil cakes after a hard 
day’s work. But few know that there is a good return in 
the dung and urine. What happens ? The animal con- 
sumes various foods which are changed within it to pro- 
duce bone and (iesli and muscle. The plants themselves 
on which it feeds luive gatlu'red their substance from the 
dead earth and formed them into the substance of plant 
life. Plants take varying quantities of different foods 
from the soil. Sugarcane is a greedy eatei and demands 
large amounts of nitrogen, phosphoric acid and potash to 
satisfy its hunger ; the groundnut, on the other, hand, 
though it requires an application of phosphoric acid^nd 
potash, does not need a supply of much nitrogen, in the 
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soil, for it absorbs the nitrogen of the air by meins of the 
bacteria gathered in the nodules at the roots. All legui- 
minous plants feed in the saipe manner on nitrogen 
derived from the atmosphere direct. You can generally 
know these plants from the shape of the flowers, that are 
termed papilionaceous, because they resemble butterflies. 
Now these plants give a supply of cheap nitrogen for 
the fattening and strengthening of cattle and they dp 
more. 

According to the experiments of Henneberg and 
Stohiluann the quantity of excrement voided by an ox 
^,200 lb. in weight was — 

Fresh. Dry. 

Dung 93 lb. 16 lb. 

Urine 40 „ 2*2 „ 

when fodder was consumed that neither added to nor 
caused any reduction in weight ; but when concentrated 
foods were used the amount voided was: — 

Fresh. Dry. 

Dung 111 lb. 17 lb. 

Urine 70 „ 3 ,, 

And the difference in the nitrogenous contents 
was : — 

With the former food ... '48 percent. 

With concentrated food ... *79 „ 

It is evident from the figures given above that both 
the quantity and the quality of the matter voided depend 
entiiely on the food supplied. 

What the animal eats serves to produce animal 
substance such as flesh, bone, milk, hair, etc., or is used 
up in breathing and sweating, and, what is no longer 
required by the system is voided as dung or urine. 
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Whatever is not digested passes away as dung, while 
the urine is the product of what has been taken into the 
system, changed for the most part, and later on voided 
as useless. Extraordinary though it may appear to the 
peasant, not a particle of what is useful in the food 
is lost, for what does not go to build up the body of the 
animal is returned in the excreta, especially the nitrogen 
and the ash components of the food. In breathing and 
perspiring, carbonic acid, and water are used, and these 
are of very little importance in manures. 

How much is returned to the land by the careful 
feeding of cattle will be easily understood when it is borne 
in mind that, though young growing cattle excrete only 
30 per cent, of the nitrogen in their food, a milch cow 
will return 75 per cent, in the dung and unne, and a 
fattening bullock about 95 per cent. Of thfs the urine 
contains three times as much nitrogen per cent, as the 
solid excrement. 

From this we can calculate the valuable materials 
gained in the manure when we know the analysis of the 
food consumed and take into consideration the animal 
substance gained. 

Poor feeding means poor cattle manure, poor cattle 
mani’ie, starved fields, and starved fields, starved farmers. 
Fields tliat are badly manured can be vastly improved 
by attention paid to the feeding of cattle. 

Comparing the analyses of different manures, we see 
that, though natural manures such as the excreta of 
animals and men and the composts made up of stable 
manure and the waste products of a farm are exceedingly 
useful, both from their value as plant-food and the effects 
they have upon the mechanical improvement of the tex- 
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tare of the soil, there is, as a rule, too little of it to ferti- 
lize even an infinitesimal portion of the fields in India. 
We also know, in many cases, that crops requiring no 
supply of nitrogen in the soil, such as the leguminosee, 
hat needing fair quantities of phosphoric acid and potash, 
cannot be brought to their fullest bearing by the use of 
cattle manure, and its use would probably be a sorry 
waste. 

If we can obtain nitrogen free from the air it is to 
our advantage to do so. We accomplish this by growing 
leguminous crops and ploughing them in before they run 
to seed, so that all the nitrogen collected in the plant 
by the bacteria at the rootlets may be kept in the soil 
and prove a fruitful source of food for the next crop. 
This is called green manuring, and is always more suc- 
cessful when phosphoric acid and potash are placed at 
the disposal of papilionaceous plants. It is therefore 
plain that such crops require some manure different to 
cattle dung in order to arrive at their full development, 
In such cases a bag of bone meal or superphosphate and 
a hundredweight of potash salts would be of far more 
benefit than many tons of stable sweepings. 

Besides this, as the analyses show, stable manure 
though a complete manure containing all the necessary 
foods required by plants is not always a well balanced 
fertilizer. 

Some crops require large quantities of nitrogen for 
liheir perfect development, others need more pho.sphoric 
acid and others again more potash, while some can do 
without nitrogenous supplies in the soil, but must have 
phosphoric acid and potash to enable them to develop 
fully while drawing their nitrogen from the air. Here 
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we see the Value of many incomplete but exceedingly 
useful fertilizers, such as supply one or more but not 
all the chief ingredients required by plants. 

We therefore divide manures into complete and in- 
complete and in order to balance them well, i.e., to place 
at the disposition of the plants the food they require for 
their perfect growth we add one or more of these to th(i 
animal excreta used, or mix them in such proportions as 
to place in the soil the ingredients that are likely to result 
in a bumper harvest. 

fn America, the hard-headed business-like Yankees 
saw miles of sand in Florida, apparently of no earthly use 
for Agriculture. Good drainage was there, which the 
pine-apple needs. The food could be supplied by artificial 
fertilizers, and the land was pitched upon for the purpose, 
with the result that car-loads of excellent fruit, fresh and 
canned, are now sent out from this once arid spot. The 
majority of soils in Florida on which oranges are grown 
are largely sandy ; in very many cases, indeed tliey are 
almost pure sand as deep down as one can go. A 
chemical analysis of the soil of one good grove gave ninety- 
nine ])er cent, silica, or pure sand. Oranges grown on 
such soil are. as the scientist would term them “sand 
cultures,” nnd allthe essential elementsot plant-food must 
be add('d artificially. The experienced Florida orange 
grower is an expert in the use of commercial fertilizers. 
He will tell you to use a fertilizer composed of three to 
four per cent, of nitrogen, 6ve to six per cent, phosphoric 
acid, and ten to twelve per cent, or more of potash. He 
can tell you all about the solubility or insolubility of 
phosphoric acid fertilizers, the necessity of using large 
quantities of potash, etc. He recognises that excessive 
(juantiities of potash fertilizers tend to produce sweet 
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fruits, and that excessive quantities of nitrogenous ferti- 
lizers produce a rapid, vigorous growth of the tree, and 
a pufify, sour fruit. In the same way the very best 
tobacco is grown on soil so sandy and devoid of plant-food 
that, without the aid of artificial fertilizers, nothing would 
thrive : and in the Malay Peninsula even sugar-cane, 
which every Indian knows requires a good soil and heavy 
manuring, has been grown in almost pure sand, the 
Chinese using the refuse of the indigo vats as a bed for 
the stools. In none of these cases could cattle manure 
be obtained in sufficient quantities, and the crop of tobacco 
would certainly not have paid, not merely on account of 
the cost of cattle manure, if it could be obtained, but 
from the lowering of the quality by its use in quantities 
too great. 

The same benefits can be derived in all parts of India 
from the use of artificial fertilizers, and iri many places, 
especially where hundreds of thousands of acres of reli 
land are to be found, nothing else will serve to obtain a 
crop of any sort. A few words on these fertilizers, which 
to many in India aie absolutely new and whose names 
even are as strange as Chinese, not be out of place 
here. 

Among the artificial fertilizers used principally for 
their nitrogen, the best and costliest are nitrate of soda 
and sulphate of ammonia. 

Nitrate of Soda orChilisaltpetre is a hydroscopic salt, 
i.e., it takes in the vapour from the atmosphere and must 
consequently be kept in a dry place or it will become so 
watery as to lose much of its nitrogen. When chemi- 
cally pure it contains 16*47 per cent, nitrogen, but, as a 
rule, what i^ sold in the market contains from 15*55 to 
16*81 per cent. This salt dissolves easily but is not long 
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retained by the soil, finding its way very early downwardfii 
and thus being easily washed below the humus where it 
is lost to the roots of the plant. Care must consequent- 
ly be taken to spread it just when it is wanted, and it 
must not to be ploughed into the soil but must be used 
as a top-dressing only. As soon as the salt dissolves in 
water it is food ready for plants and is greedily absorbed. 
What is not taken up by the roots finds its way into the 
subsoil and thence into the drainage. For all cereals it is 
an excellent manure, and very small quantities are re- 
quired to produce bumper crops, provided the law of 
minima is borne in mind and a suriiciency of available 
phosphoric acid and potash are in the soil or placed at 
the disposition of tJie plants by means of fertilizers. The 
salt is obtained in large beds on the coast of Chili and 
Peru, but must be carefully purified chemically, as it 
contains many impurities, one at least of which is deadly 
to plant life. From the Eeport of the Chilisaltpetre 
Commission in Oermany, the following extract is of 
importance; --“During the last few years more or less 
extensive harm was done in various districts by ferti- 
lizing withChilisaltpetre or Nitrate of Soda. In 1896 a 
numlxM' of cases were published in which injury was 
done to the crops because too great a percentage of 
perchlorate remained in the fertilizer sold, and Dr. 
MaercKer went further into the question. Hamburg 
importers offered to give compensation if more than f 
percent, perchlorate were found, but this did not suit 
the purcliasers whose crops might be ruined, whilst they 
would have to be satisfied with about 8d. per cent, 
compensation. The commission finally appointed by im- 
porters and purchasers decided that no more than 1 per 
cent, of perchlorate as a maximum should be permitted 
in the sale of Chilisaltpetre as plants are sensitive in 
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various degrees to its ill-effects. This guarantee should 
accompany every bag. Being a coarse-grained salt it 
can easily be adulterated with common salt, Kainit(which 
it resembles closely), Sulphate of Magnesia, etc. 


One cannot be too careful to ascertain the names of 
respectable dealers and have a guarantee of the parity of 
the article bought. It is very poisonous to animals and 
should be kept carefully out of their reach. 

The chemical nomenclature of Nitrate of Soda is 
generally written NaNO^ and its contents in Nitrogen 
15*61 to 15*81 per cent. 


As far back as 1888 we have comparative experi- 
ments that show the benefit of Nitrate of Soda when a 
sufficiency of potash and phosphoric acid are in the soil. 


At Woburn without manure 
the harvest was 


Corn 
9 bushels 


Straw 
14 cwt. 


By the application of 2 J cwtj 
Nitrate of Soadai 



With cereals an , application of this fertilizer very 
often doubles the return, which can be still further 
increased by completing the manure. 

The extent to which Nitrate of Soda is used in Agri- 
culture and its growth in popularity is evidenced by the 
following figures showing the exports from Chili: — 

In 1830 ... 800 tons were exported 

1870 . ... 136,287 

1890 ... 1,050,119 

1906 ... 1,707,475 

Though Sulphate of Ammonia contains a greater 
percentage of nitjrogen it does not appear, when used 
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alone, to place the nitrogenous plant-food so quickl}' at 
the disposition of the plant unless soda or potash be 
mixed with the fertilizer. It is obtainable on a large 
scale by adding sulphuric acid to gas water, which con- 
tains a deal of ammonia. When horn, hide, or coal is 
heated, the decomposing animal oi’ vegetable matter 
gives off nitrogen, and, as coal contains about 2 per cent, 
of nitrogen, immense quantities are got in the process of 
obtaining gas from coal. Chemically pure it contains 
212 per cent, nitrogen, but the sulphate of ammonia 
of commerce v^ontains, as a rule, about 20 per cent. As 
with Nitrate of Soda, one must insist on a guaranteed 
analysis of i)Lirity, for it may possibly contain free 
sulphuric acid and rhoden and cyanogen compounds. 
The last two are deadly poisons for plants, and the sul- 
phate of ammonia should be entirely free from them. 
Like Nitrate of Soda this fertilzer is of importance in all 
soils poor in nitrogen and for ail crops that require a 
large supply of easily available nitrogen. It need not be 
ploughed in. To harrow the field after spreading the 
fertilizer will be sufficient. As Sulphate of Ammonia it 
cannot he assimilated by plants. In warm weather, 
when tliere is a sufficient supply of lime in the soil it 
changes rapidly into nitrates and consequently acts 
nearly as quickly as Saltpetre in building up the leaves 
and body of the plants, so that, whenever it is found 
necessary to ensure a rapid development and increase of 
leaf and stem, Sulphate of Ammonia is used as a manure. 

In light soils its effects are better, than Nitrate of 
Soda if heavy rains follow its use, for the latter is lost to 
a great extent in the drainage. Of course both these 
fertilizes act upon the single crop for which they are 
used and do not give returns for any further rotation. 
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Sulphate of Ammonia is now rapidly comiiij^ into, 
favour. Its manufacture in (riv.at Britain alone which in 


.1872 

was 

42,000 tons 


rose in 

• 

100 2 

to 

and in 

220,000 

10011 

lo 

280,000 „ 


Sometimes Ammonium Sulphocyanate is found in it. 
As this is poisonous to plants Sulphate of Ammonia 
should be tested with perchloride^ of iron. When the 
Sulphocyanate is present it presents a red colour. 

The constant use of Sulphate of Ammonia causes a 
loss of the very necessary lime of the soil. The Ammonia 
is changed into nitric acid, which, withth(3 sulphuric acid, 
is neutralised by linui. The Nitrogen is either taken up 
by the plant or washed away in the drainage, and the 
carbonate of lime is similarly lost. Among root crops it 
has been found far more effective with potatoes than 
Nitrate of Soda. 

As was said before, and cannot be; too often repeated, 
provided all the other ingredients are either in the soil 
naturally or placed there by fertilizers, the use of single 
manures such as Sulphate of Ammonia for its nitrogen 
proves exceedingly beneficial. 

In Java for instance — 

Weight of Sugar obtained 
cane in lbs. in lbs. 

An unmanured field of 2 ] 

acres produced ... 179,:14S 2*2,970 

With an application of 778 lbs. 
of sulphate of ammonia the 
crop was increased to ... 257,990 28,868. 



Liirae Nitrogen has been manufactured of late. It 
tjontains 20 per cent. Nitrogen and 2 J per cent. Lime and 
acts as a plant-food, like Sulphate of Ammonia. When 
the guano deposits were becoming exhausted great 
demands were made for the Nitrate of Soda found in the 
<lry regions of Chili, and hence called Chilisaltpetre. Im- 
mense quantities of this are sold every year at a high 
price, and chemists endeavoured to manufacture some- 
thing as efficient in plant feeding. They saw no reason 
why the nitrogen should not be extracted from the air, 
and succeeded m obtaining it. 

If air is passed over metallic copper, heated to 400^0., 
the oxygen unites with the metal, forming copper oxide, 
and the nitrogen gas is freed from its mixture in the air. 

In the meantime, by heating chalk and coke in an 
•electric furnace, calcium carbide is formed. It is known 
to many bicycle riders who use acetylene gas lamps. 
This carbide is finely ground and placed in iron tubes, 
which are heated to a temperature of 900^ C., and then 
the free nitrogen is passed over the carbide and a 
chemical combination takes place the carbide uniting with 
the nitrogen and forming calcium cyanamide, in chemical 
notation CaCiia. It slowly reacts with water, forming 
ammonia and lime, according to the following chemical 
equation : — CaCn + 3 H 2 O = N Ha-f CaCOg. 

It is hygroscopic to a great extent, i.e., it greedily 
takes up moisture from the air, and is consequently sold 
in air-tight drums. 

It is a fine powder, of unpleasant odour, and is 
generally mixed with damp earth before it is spread. 
The fertilizer should be ploughed in and never used as a 
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top-dressing if there is danger of its coming into contact 
with the leaves of plants which it burns. It is also sai<l 
to be hurtful to sprouting seeds, and the recommendation 
is not out of place to put it into the soil a month before 
sowing the seed. 

Wagner says that its action is uncertain in sandy 
and peaty soils, which may be due to the absence of 
decomposing bacteria, but in loamy and clay soils it is 
an excellent nitrogenous manure, which also supplies, 
lime where it is wanting. 

There is another fertilizer prepared in the same 
manner, except that Chloride of Calcium is added to the- 
Carbide. It is called Nitrogen Lime. 

Professor Dr. Imraendorf of Jena in a German 
Agricultural Association Bulletin says : — It should not be 
used for sour humus soils. Its effect there would be- 
doubtful, sometimes poisonous, nor on poor light sandy 
soils. It is always good on other soils on which 1.50 
to 300 kg, can be used per hectare. When the surface 
of the soil is hot and moist, it should not be spread or it 
would not get evenly mixed. 

It contains 20 per cent, nitrogen and 21 per cent, 
caustic lime. 

Blood meal when pure contains 14 per cent, nitrogen, 
though it is found in commerce, containing as low a 
percentage as 9. In India it is usually prepared in broad 
shallow pans placed out in the sun to dry. On light 
soils it is generally preferred to Sulphate of Ammonia and 
Nitrate of Soda as the nitrogen is not so quickly lost in 
the drainage. It must be ploughed into the soil and not 
merely used as atop-dressing. Its effects last for about 
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a year. In moist warm weather it decomposes rapidly, 
forming at first ammonia and then nitrates* 

In experiments with tobacco made in Virginia, dried 
blood for nitrogen gave the largest yield, and in all cases 
the tobacco ripened from 10 days to 2 weeks earlier. 

Though not frequently for sale, horn and leather 
meal are excellent nitrogenous fertilizers, the first con- 
taining, when pure, 18 to 14 per cent, nitrogen, the latter 
11 to 12 p(n* cent. Of course the action is slower than 
that of the fert lizers mentioned before. From 50 to 70 
per cent, is at the disposal of plants the first year and the 
balance shows its effects the next year. 

With all these purely nitrogenous manures the 
increase in leaves and green matter is decided, but the 
produce in corn is not great unless similarly effective 
phosphatic andpotassic manures are employed in suitable 
quantities, and the more of the latter two are employed, 
the better will be the harvest. The nitrogenous manures, 
which are the more costly, are spread in quantities suffi- 
cient for the crop and no more in order to avoid loss : 
the other fertilizers are not so rapid in their action and 
consequently should be used in larger quantities. Com- 
paratively small quantities are lost in the drainage, as 
they ar^ absorbed and retained by the soil. 

In Professor Heinrich's “ Duenger und Duengen 
(Manures and Manuring) he gives the result of pot 
experiments with nitrogenous manures (a sufficiency of 
phosphoric acid and potash having been added to the very 
poor sandy soil used). 

(The plants fertilized with Chilisaltpetre became 
mildewed and are not included in the table.) 



175 


Manure,^ 

Avbkagb Cjbop 

Straw & Chaff. Coin. 

Total, 

Without Nitrogen 

1-5 gr. 

10 gr. 

2-5 gr 

Sulphate of Ammonia 

6-7 

6-8 „ 

13-5 „ 

Flesh meal 

5*3 

4-4 

9-7 „ 

Bone meal 

4-7 

4-0 

8-7 „ 

Leather meal 

4-4 „ 

3-5 „ 

7-9 „ 

Blood meal 

4-3 

3-6 „ 

7-8 „ 

Horn meal 

‘2-3 „ 

21 

4-4 


The above table shows that Siilpliate of Ammonia 
is immediately efficacious, whilst the various other 
nitrogenous manures come into operation more slowly, as 
the decomposition is not so rapid, and the nitrates 
are consequently placed more slowly at the dis- 
position of the plants. Nitrate of Soda is, as a rule, still 
more effective than Sulphate of Ammonia. The crop was 
of oats ; the sowing took place on 26th April and the 
weighment of the harvest on the 2drd July. 

Nitrate of Potash or Saltpetre is found as an efflores- 
cence on the soil in India and other dry tropical countries. 
The plains of Bengal produce a quantity estimated at 
20,000 tons per annum, which is used in the manu- 
facture of gunpowder. Most of the Nitrate of Potash in 
commercial use is prepared artificially. Animal and 
vegetable matter decompose, nitric acid is freed, and, 
uniting with ashes, forms Nitrate of Potash, designated 
chemically KNO3. It contains not only 13 to 14 per cent. 
Nitrogen, but also 43 to 45 per cent. Potash, and is 
consequently a very valuable manure, not much used 
in Europe on account of its cost, though here in India the 
price is moderate enough to make it pay well. It is now 
generally sold very impure, but in coures of time, as artifi- 
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cial fertilizers come upon the market, will probably be ac- 
companied by certificates of guaranteed a||i.lyses. The 
Nitrogen is soon used up by the crop, but the potas^ re- 
mains in the soil, and its use on the Bard wan Governjp^nt 
Farm has been productive of extraordinarily rich returns. 
It is not a complete manure, as phosphoric acid is required, 
but the application of from 1 to 2 cwts. of bone meal must 
render it complete, and it supplies such large quantities 
of Nitrogen and Potash that it cannot be too highly 
recom mended. 

Another manure that contains a fair amount of nitro- 
gen and a very large quantity of phosphoric acid is bone 
meal, which analyses N (Nitrogen) 4 per cent, and PaO^ 
(phosphoric acid) 23 per cent. 

Owing to the relatively great drain on the soil of 
phosphoric acid, so needed by all plant-life, many soils, 
are very deficient in this substance, and this is patent 
from the increase obtained generally by an application 
of phosphatic manunis. 

Phosphorus or phosphoric acid W’ould be a poison to 
plants ; but taken up in the form of salts or phosphates, 
it has been found exceedingly useful for the growth of 
grasses, leguminosoe, and more especially for cereals, 
where it is little required in the straw and plentiful in 
the grain, the latter improving greatly in quality and 
quantity by the use of phosphatic fertilizers. 

Professor Dr. Holdefleiss in the year 1890 wrote as 
follows : — “ It is a constantly recurring thing to find a 
farmer, who wishes to sow wheat, cover one part of the 
field with stable manure, and the other part with bone 
meal. No man with a farmer’s eye, who has seen wheat, 
produced by bone meal alongside that produced by farm* 
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yard marmre, can possibly place bone meal on the 
despised to which Wagner has relegated it. There 
is'nouse bringing forward cleverly arranged experiments 
to prove its ineflicienoy, when the lie direct is given to 
the arguments by numberless repeated agricultural obser- 
vations and experiences.” 


In the experiments with rye carried out at Horn, 
(Hamburg), the following results tell wonderfully in 
favour of bone meal as a manurt^. : — 


Plot Giain lb. 

1. Uniuanured 1, 014 

2. With faiunyard manure 2,140 
8. The above ])lus OOO lbs. 

steamed bone meal 8,250 

4. Farmyard manure plus 

900 lbs. basic slag 2,118 

5. Farm -yard manure plus\ 

000 lbs. Peru Guano o ooa 
treated with Sulphu- i 
ric acid. ' 


Straw lb. 

2,007 

5,801 


7,925 

5,881 

7,944 


The whole development of. Agriculture in SiU^sia 
appears to have originated with the plentiful use of this 
fertilizer. 

But we need not go far from India to learn of the 
benefits to be derived from its use. 

In the warm climate of the tropics, where there is a 
sufficiency of moisture, the results are still more striking. 

The Celyon peasants pay often as much as Ps. 80 
per ton for bone meal, and never think of growing a rice 
crop without it, and in India the verdict is pronounced 
iu the following words of Indian Gardening : — “ We are 
12 
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constantly being asked by our readers whether we consi- 
der bone meal (or bone dust) to be a good manure, 
whether it should be used in a fine or a coarse state, and 
whether it is good for this or that crop. To begin with, 
bone meal as a fertilizer scarcely has an equal ; mixed 
with saltpetre, cow dung, castor cake, or linseed cake, it 
has been found to produce very heavy outturns when 
used for field crops. For coffee it has been found to give 
excellent results, eithe r alone or when mixed with other 
manures. In the case of tea also it has been known to 
give very satisf ictory results.*’ 

The experiments on tlie Government Farm at Burd- 
wan speak distinctly in its favour, especially when used 
for rice with nitrate of potash or saltpetre. 

In England bone was used as a manure so far back 
as th(^ end of the 18th century, and to this day bone meal 
and phospliate made from bone meal are perhaps the 
most popular manures in the country. These have 
proved valuable manures and the farmers consider them 
safe. Supplies arrive principally from India and Argen- 
tina, whilst some are imported from Egypt, Morocco, 
Brazil, and the Continent of Europe. The consumption 
in England alone of manures made from this source 
amounts annually to 100,000 tons. Much depends upon 
tlu^ fiUvUiess of grinding, but, when a meal approaching 
dust is made from bones, the effect is almost as good as 
that of superphosphate. To act quickly bone meal 
sliould be chosen that can pass through a sieve contain- 
ing holes Uh of an inch in diameter. 

In hot countries, where moisture is great, the de- 
ccuiiposition ol bone is rapid, but it is much slower in 
temperate or cold climates, where, as a rule, bone is used 
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after being treated with sulphuric acid. It is then called 
superphosphate, and the phosphoric acid being soluble in 
water is easily and quickly taken up by the rootlets of 
plants. Superphosphates are also made from coprolites, 
the petrified dung and remains of carnivorous animals, 
which are dug up in enormous quantities in America. * 

But, before treating of superphosphate, we must 
speak of another nitrogenous manure containing a heavy 
percentage of phosphoric acid. On various islands fre< 
quented for centuries by myriads of sea-birds the dung 
has accumulated to such an extent that shiploads are re- 
moved to all parts of the world to serve the purpose of 
fertilizers. This is called Guano. 

Guano still reaches England from S. America, 
Australia and S. W. Africa, and in 1907, 31,278 tons 
were imported. 

Guanos vary in analysis, 

Peruvian Guanos contain : — 

Nitrogen ... 2.J to lijper cent. 

Tribasic Phosphate of Lime 15 ,, 42 ,, 

Potash ... 2 ,, 4 „ 

The Chinchas Islands Guano, analysing 14 to 10 per 
<5ent. nitrogen, 12 to L4 per cent, phosphoric acid and 2 
to 3 per cent, potash, was soon used up, for the 10 million 
tons could not last long with a demand of 500,000 tons 
per annum. 

As it was in very great demand its price increased 
far beyond its value to the farmer, and adulteration 
began, with the result, that every consignment required 
careful analysis, and only on the declared analysis should 
purchases be made. 



The flesh of Kish confcfiins little phosphoric acid, and^ 
like the flesh of other animals, is rich in nitrogen, 
analysing 15 to lO per cent. Fish bone is rich in Phos- 
phates, containing about 50 per cent., and at the same 
time, about 4 per cent. Nitrogen. But the bone is not 
dry and remains enshrouded with moisture and oil, 
whilst the flesh around it is decaying and for some time 
after. With hone, the decomposition, if slow, is regular, 
the Nitrogen and Phosphoric Acid being placed at the 
same time at tlie disposition of the plant. In the case of 
Fisli the flesh is more likely to putrefy first and supply 
Nitrogen, the bone only later, supplying both Phosphoric 
Acid and Nitrogen. It is an incomplete manure, for 
there is practically no potash contained in it. It is never 
a quick acting manure : its action is gradual and safe. 

A disadvantage is found when tlie fish is oily, and 
certain harv('sts like sugar are not benefited when the 
mamire, as is ofhui the case, contains much salt. wSand 
is oftc'u mixed with it, and an analysis should always he 
demanded, (lood fish manure should contain 4 to 10 
per cent. Nitrogen and 3 to S per cent. Phosphoric Acid. 

b'ar inland the price rises considei’ahly and the 
purchaser should calculate what he pays per unit of 
PJiosplmric Acid and Nitrogen to find out if it is cheaper 
or dear(*r tlian other manures. 

'J’he value of Superphosphates or substances contain- 
ing phosphoric acid combined with lime, treated with 
Sulphuric Acid, depends upon the amount of Phosphoric 
Acid they contain which is soluble in water, or, as it is 
termed in chemical works, monobasic phosphate of brae. 
It matters little from what source the Superphosphate 
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is obtained. Double superphosphates are phosphates 
treated with phosphoric acid instead of sulphuric acid 
and contain 40 per cent, more phosphoric acid soluble in 
water. As, in India, a great many people object to the 
use of bone meal (which is a tri-basic phosphate of lime 
and contains phosphoric acid not so easily soluble in 
water as superphosphate), no caste scruples need prevent 
the use of coprolitos. 

These should be ground exceedingly fine to help 
decomposition and will be found very useful in conjunc- 
tion with potash and a little nitrogen, where root crops, 
grasses, and leguminosje are grown and for all cereal 
crops with a sufficiency of potash and a fairly good 
dressing with a nitrogenous fertilizer. The nitrogen 
builds leaf and stem, the potash acts as a carrier of nitro- 
gen and strengthens the stem whilst helping the forma- 
tion of carbo-hydrates (sugar, starch, gum, etc.) and the 
phosphoric acid is found principally in the grain, which it 
increases to a wonderful extent. Care, however, should 
be taken that the superphosphates are perfectly dry, and 
they should be used only on soils that contain much 
lime, or the land is likely to sulier considerably by the 
binding up of the little lime present with the sulphuric 
acid, and, though a few harvests may show a wonderful 
increase, a total failure is likely to follow shortly after. 

Land kept under pasture and grazed with farm stock 
for a series of years becomes steadily poorer. The in- 
crease in the animals means an addition to their systems, 
especially in bone which contains much phosphoric acid, 
and this is all taken from the soil and requires to be re- 
stored. Even in the production of milk a deal of phos- 
phoric acid is required. To restore what is taken away 
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from the soil with the grass upon which the animals feed, 
phosphoric acid is often supplied by means of superphos- 
phate and generally with decided success. In two 
lO-aore fields of the same quality, the one unmanured, 
the other treated with 5cwt. superphosphate per acre, the 
former yielded iO cwt. of hay, the latter 19 cwt. of hay 
per acre. 

It is used for all manner of crops in Kurope and may 
be tried with advantage in India, often aiding the early 
maturity of crops and reducing the period of growth of 
potatoes, in some cases six or eight weeks, according 
to Samut‘1 Fraser, in his work on the potato. 

From sugar experiments in Java we find the follow- 
ing returns : — 

Weight of Sugar obtained 


cane in lbs. 

in lbs. 

Unmanured plot 

Fiarthnut cakes 1,180 lbs. and 

41,082 

.5,037 

■UT) lbs. Sulphate of potash 110,103 

11,097 

By the addition to the above 



of393lbs. superphosphate 

o 

oc 

12,041 


Cane 

Sugar 

and !it Dinoy, Fast Java Cane. 

11). 

lb. 

without superphosphate 

t;7,M07 

7,429 

With superphosphates in the 



manure. 

HI), 8:58 

• 9,409 


About 2,000,000 tons of superphosphate are used 
annually. 

Instt'ad of superphosphates, especially where lime is 
needed, Basic Slag is often recommended. This was a 
substance found in the furnaces in the process of steel 
manufacture. Iron contains phosphoric acid, which, in 
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steel, is harmful. It is certainly a good thing in the 
wrong place. When the iron is in a molten state in the 
crucible a large amount of lime is added and a strong 
blast of air is driven through it till it is raised to a white 
heat. The phosphorus contained in the iron is thereby 
oxidised and combines with the lime. The silicate in 
the iron acts similarly. Both float on * the surface 
of the molten metal and the slag is poured away, 
leaving the metal free from phosphorus, and the Slag 
rich in phosphate and silicate of lime. The great hard 
iron-like stuff was for a long time thrown away on the 
dust heap, till a chemist proved that good money, in the 
shape of a useful fertilizer, was wasted. 

Though not soluble in water like superphosphate, 
it dissolves readily in the soil, provided it is finely ground. 
At first the effects of superphosphate are more decidedly 
seen in the crop than those produced by Basic Slag, but 
about the time of the harvest not much difference 
appears. Superphosphate is very useful when a crop is 
to be helped rapidly, and, among phosphatic manures, is 
similar in its effects to Nitrate of Soda among Nitrogen- 
ous fertilizers. But it is acid and cannot be used with 
advantage on all soils, and is harmful where lime is defi- 
cient. Basic Slag, on the other hand can be used on any 
soil, and is specially beneficial to such as are poor in Lime. 
It is a tetracalcium phosphate and is written in Chemical 
terms Ca4P209. 


It contains : — 
Phosphoric acid 
Lime 

Iron oxides 
Silicic acid 
Sulphur 


Average 

per cent 

48-29 

9*22 

7*91 

0-49 
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Owing to its contonts in Sulphide of lime, which 
sometimes amounts to 2 pei* cent, and more and is poison- 
ous to plants, it should he spread some weeks before sow- 
ing time. Both the quantity of phosphoric acid soluble 
in citric acid and the fineness of the slag in order that it 
may be effective, should be guaranteed. It does not 
work merely as a phosphatic manure, but is helpful in 
opening out the soil on account of its contents in lime and 
its power of freeing the 2 )otash of the soil for the benefit of 
tlu> crop. In using it with potash salts, it should be 
spread a day or tw'o previously or, owing to the moisture 
in the salts, it is likely to clump into pieces resembling 
cement. A Trecipitate is also formed from Basic Slag, 
and as it contains trom dO to per cent, phosphoric 
acid, its action is as quick almost as superphosphates. 

The table btdow giving the results of experiments at 
Biein<m, on grass iiieadow at Uellweger Moor, shows 
the great increase in yield by the use of Basic Slag. It 
will he noticed that the addition of Kainit not only 
increased the outturn, but considerably lowered the 
percentage of sour grasses and rushes and weeds. 



PERCENTAGE COMPOSITION OF HERBAGE. 
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There is scarcely an artificial fertilizer that has so 
rapidly won the hearts of farmers as Basic Slag. It was 
in Germany that its value was first understood, and im- 
mense quantities are now put upon the market. 


In 188*2 field experiments were started. 


„ 1883 
„ 1885 
1900 
„ 1906 


5,000 tons were sold. 

150,000 

1.760.000 

2.383.000 


Germany alone produced 1,500,000 tons in 1906, 
and of this amount used no less than 1,300,000 tons. 

]3asic Superphosphate is prepared by adding slaked 
lime to ordinary superphosphate till the mixture is no 
longer acid. 


It is very useful for land that does not contain a 
sufiiciency of lime or has too much vegetable matter. It 
contains the properties of superphosphate and basic slag 
and is a manure of great value where the circumstances 
require its application in place of superphosphate, such 
as on those tea and coffee plantations poor in lime. 


As phosphoric acid is often advertised by manure 
merchants in terms of phosphate of lime it is advisable 
to divide the amount thus given by 2*18 to ascertain the 
quantity of phosphoric acid in the fertilizer. A guarantee 
is generally demanded of the amount of phosphoric acid 
soluble in water and the amount soluble in citric acid. 
Added to this, with basic slag the standard of fineness 
is generally placed at 80 per cent, passing through a 
sieve containing 10,000 meshes to the square inch. 
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A principle long established is followed when, to 
obtain a cereal crop of 10 cwts., 80 Kg. of nitrogen and 
15 Kg. of phosphoric acid are added to the soil. 

Wagner asks : — How much Nitrate of Soda and 
Basic Slag should be used as a manure to obtain an in- 
crease of harvest of 10 per cent, of corn? and he replies 
as follows : — “ If the plants are to assimilate 80 Kg. it is 
suflicient to supply half as much again, 45 Kg. or the 
90 lbs. contained in 0 cwt. of Nitrate of Soda. This is in 
fact sufficient to produce an average of from 20 to 21 
cwt. wdth proportionate straw. But will this hold good 
with phosphoric acid ? and the plant be able with a 
manure of 8 cwt. of 15 per cent. Basic Slag, to take up 
15 Kg. of Phosphoric Acid, and with this produce an in- 
crease of 20 to 24 cWt. of corn ? There is scarcely a 
farmer who will accept this, for. in fact, it would require 
at least 16 cwt. of Basic Slag to effect it, or eight times 
the phosphoric acid necessary for the crop. It is on this 
account that no peasant will be such a fool as to believe 
those who say harm will follow from using too much 
phosphoric acid in a manure, since seven and eight times 
the amount necessary for the increase in the harvest is 
given to soils wanting in phosphoric acid.” An apparent 
superfluity is necessary to satisfy plant and soil, and that 
such abundance is not superfluous Dr. Wagner has 
clearly shown. In fact an abundance of phosphoric acid 
is not lost, but shows results in succeeding crops, and a 
provision of it in the soil can always be recommended. 
How much phosphoric acid is removed from the soil of 
a country exporting wheat is rendered plain by an 
estimate furnished by the chemist to the New South 
Wales Department of Agriculture, F. B. Guthrie. The 
proportions of milled product from a bushel (60 lbs.), 
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of wheal are, a})proximately, 42 lbs. of flour, 9 lbs. ot 
bran, and 0 lbs. of pollard ; while the percentage of 
pho.^phoric acid c.onfcained in these products is reported 
•as follows — 

1^'lour 0‘82 per cent, or 0*18 per bushel. 

Bran 8*00 0*27 

Pollard 0-90 „ 008 

'Phe tolal amount of pho.sphoric acid contained in a 
bushel of wiicat is, ihcr(*fore, 0*48 lbs. of which 0*18 ll)S. is 
in tlu‘ flour a. *8 0*85 lb. in the olfal. During the past 
ten yc‘ars th(‘ n(‘tt exports from the Commonwealth 
of wheat and its milled products have amounted to 
282 , 801 . 1 14 bushels of v/heat, 1 ,028,401 tons of flour and 
■1,121,818 husluds of bran, pollard and sharps. On 
the bjisis of the flgures quoted above, this export would 
contain no less than 120,000,000 Ihs. of phosphoric 
acid, the valm* of which as a fertilizer would he about 
i7r)(),000 

Similarly other staple products exported impose 
their respective l()S’>-’es upon the soil of the Common- 
wealth and the inen'sed use of fertilizers furnishes 
iwidence that producers are alive to the necessity for 
making good the deficiency so arising. 

Pt)tash is made fiaun the ashes of plants, but not 
much is procurable in this way and large amounts of 
ordinary aslios must he carted to tlie fields to obtain an 
indefinite return of potash. We know that without 
potash no plant can grow. For a long time though 
farmers used ashes they were not aware of the tact that 
the beneficial effects derived from them were due to the 
carbonates of potash and lime contained in them. But 
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since the discovery of the potash mines in Germany a 
very small quantity of pot-ish is. found as useful as cart- 
loads of ashes which are not easy to obtain and are 
costly to remove to the fields. T)i"gin" fm* common salt, 
immense quantities of salts were obt ined that were 
not fit for human consumption and were consigned to 
fclie rubbish heap, till cluunists showed tliat money was 
being thrown away : for the rnhbisli heap contained 
what, chemically treated, would make an excellent and 
very necessary fertilizer. Tlie result was that th<* 
owners of the mines did not bother any further about 
common salt, and did an immense trade with P'mrope 
and America in the vaiious potash salts tluiy produced. 
The absolute necessity for using these is apparent. 
Johnstone in his “ Elements of Agricultural (Chemist ry 
says : “As farmyard manure restores only a portion of 
the abstracted potash, it would seoin reasonable that, 
artificial manures should make up the d(dicit. “ In 
Stephen’s “Book of the Farm ” it is said, and sxience 
and practice both prove the statement only tof) true, 
that, “where potash is deficient, the gain in produce 
obtained by a small application of potash, at a cost of a 
few sliillings per acre, is often remarkable.’’ F. H. 
Storer, Professor of Agricultural Oliemistry, writes in his 
“Agriculture in some of it« relations with Gheinistry : ’’ — 
“Potassium is absolutely necessary for the; growth of 
plants. Indeed there must be a tolerably large supply of- 
thti compounds of this element within reach in order that 
the plant may prosper. Most soils appear to benefit by 
the application of potash. Profs. Wagner and Maercker 
have shown, by numerous experiments, that not only 
i^andy and moor lands are improved by potash, hut even 
good deep loams yield better harvests by its application, 
and Messrs. Lawes and Gilbert proved that, v/iihout the 
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application of potash salts, the nitrogen of stable manure 
as also the nitrogen economy of the soil, suffer permanent 
and considerable losses through the formation of free 
volatile ammonia. Potash is also of the greatest import- 
ance as a carrier of nitrogen. In the ‘‘ Assimilation of 
the Elements of Nutrition by Plants during Different 
Periods of their Growth” by Drs. Wilfarth, Wiinmer and 
Roemer, it is clearly shown that the less potash is placed 
at the disposal of the plant the more nitrogen taken up 
by the |)l}int remains unassimilated, to be finally excreted 
by the roots” 

Germany uses immense quantities of Potash annual- 
ly and America is fast following suit. The Scotch are 
known to be excellent farjners who “ manure with 
brains,” and do not throw away any money unnecessarily. 
If th(i cute Yankee and the cautious Scotchman find 
Potash pay, Indians need not be timid about its use. The 
chief salts obtained from the German mines, that prac- 
tically su])ply the world with Potasli, are : — Sulphate of 
Potash, Muriate of Potfish, and Kainit. The last con- 
tains a very great quantity of Chloride of Sodium or 
common salt, and is exce.edingly useful for coconut 
plantations and grass farms. It has also proved very 
tdhcacious witli cereals wlieii not more than 3 cwt. per 
acre was emplr)yed. Muriate contains from 7 to 20 per 
cent, of eommon salt, but a very large amount, nearly 50 
per cent, of potash, hxcept with sugar crops and tobac- 
co and such plants as suffer if chloride of sodium or 
common salt is given them, it is perhaps the chief form 
of Potash supplied to plants, though very large quantities 
of Sulphate of potash are also employed. 

Snlphale of Potash containing about 52 per cent, 
potash may be used lor any crop, though Professor 
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Schneidewind recommends Kainit as the best potassic 
manure for cereals. Numberless practical experiments 
jiave proved its utility in all parts of the world. Of 
these one only is selected to give an idea of the benefit 
to be obtained fioin its use. 

E. Meyer reports the following from Stallberg : — 

• Bushels, lbs. 

1. Plot — Unmanured — Harvest in Oats 19 4 

2. „ 160 lb. Nitrate of Soda plus 

640 lb. Basic Slag 36 20 

3. ,, the above plus 640 lb. Kainit 53 20 

Besides its manurial value, Kainit, like Nitrate of 
Soda, possesses well recognised insecticidal properties, 
and a secondary effect is the increase in the capillary 
action of the soils, whereby water is drawn to the sur- 
face, thus rendering soils more resistant to drought. 

A great number of examples could be given of the 
profits derived from manuring with Muriate of Potash, 
One, perhaps, will sulHce. In the “ Manuring of Oats 
as reported in the Strathaven Farmers' Club, we find the 
following : — 

“Mr. Jas. Ijawrie, who won first prize, has light 
sharp soil, and sowed () bushels to the acre on 29th April, 
and harvested on 27th August. He applied a dressing 
of 2 cwts. superphosphate, 1 cwt. sulphate of ammonia, 
and 2 cwts. Muriate of Potash. This grew 3,280 lbs. 
grain per acre, and 52 cwts. 3 qrs. 12 lbs. of straw and 
■Aaff. His other plot, manured in the same way, but 
without the Muriate of Potash, gave 2,320 lbs. of grain, 
and 44 cwts. 1 qr. 4 lbs. of straw and chaff. 
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Poi* general purposes it would be more suitable to 
apply rather less potash, either 3 cwts. kainit per acre or 

1 cwt. muriate of potash being a large enough dressing 
for the oat crop on most soils. But Mr. Lawrie’s larger 
application sufliciently justified itself in this case, as, for 

2 cwts. muriale of potash he got an increase of no less 
than 24 bushels grain and 8.} cwts. straw.” 

On soils suriiciently rich in lime the Muriate of Potash 
specially favours the growth of wood and le if, and thv"! 
production of larijf* fruits, though rather later in th('. 
seasem. Sulphate' of Potash is to be pi efened when an 
early harvest is an (‘special desideratum. 

The r(q)ort on the competition conducted by the 
Ochiltree Agricultural Discussion Society for the prizes 
offered by the Stassfiirt Potash Syndicate for the best 
crop of oats grown with the aid of potash manures has 
been issued by Mr, Wm, Sloan and Principal Wright, who 
say : — “The first prize was awarded to Mr.ltobert Bryan, 
Orchardton, and the second prize to Mr. Wm. Wallace, 
The Hill. Thi^ details of the weight of the crops grown 
on these fa rms and on those of the other competitors are 
appended. The object for which the competition was or- 
ganized was to illustrate the effect produced by potash 
manures on the oat crop and on the succeeding hay crop 
when applied in a proper and skilful manner, and in 
accordance with the methods of manuring known to be 
suitable for these crops, ft was accordingly stipulated 
^hat the polash manures were to be applied to the oat 
crop along with the nitrogenous and phosphatic manures, 
in order to allow a comparison with the plots in which the 
bitter maiuirt'S were applied without potash. The results 
obtained on the Farm of Mr. Bryan, Orchardton, to whom 
the first prize has been awarded were e(|ually notable. 
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On this farnn *2 cwts. sulphate of potash (92 per cent, 
purity) added to a suitable dressing of dissolved bones and 
sulphate of ammonia gave the remarkable increase of 37 
Imshels (of 40 lbs. each) dressed grain, 40 lbs. light grain, 
and 23 cwts. straw. On the farm to which the second 
prize has been awarded, that of Mr. Wallace, The Hill, 
the effect produced by the potash manure was also very 
considerable, but it was still greater on the farm of Mr. 
Wills, Braehead, where 1 cwt. sulphate of potash applied 
with other manures gave the very profitable increase of 
15 bushels (of 40 lbs.) dressed grain, fiO lbs. light grain, 
and 15 cwts. straAV. Attention may be drawn to the 
combination of manures used by Mr. Wills as a very 
suitable one for general application to the oat crop. It 
consisted per acre of 1 cwt. sulphate of potash (80 per 
cent.); 2 cwts. superphosphate (35 per cent.); 1 cwt. 
sulphate of ammonia. 


13 



Average analyses of the principal stassfurt salts. 
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Gruaranteed analyses of potash salts should be 
accepted only where the terms are ^iven in Potash, It 
sometimes happens that it is advertised in terms of 
Sulphate or Muriate of Potash. In such cases to trans- 
late the sulphate of potash into terms of Potash divide 
the amount stated by 1*85, and potash stated in terms of 
]\riiriate of Potash by 1*58. 

Theie are many studious farmers who consider 
p()iash unnecessary for their clay soils, which chemically 
analysed, show large supplies of potash. Professor 
Wagner, of Darmstadt, speaks very plainly on this point as 
tlie r(‘sult of practical experiments. He says : — On 
different soils potash is available in different degrees, and 
buch as are poorest in potash are deprived soonest of the 
little they liave, and are consequently soonest c.xhaustod. 
The result is that potash manures make a good return in 
sandy districts for the large amount of potash supplied 
them. In heavy soilsrich in potash tlu^ potashis dissolved 
much mort^ slowly, and it is on this account that one should 
not depend upon the chemical analysis of such land, for, 
notwithstanding the high percentage shown, the crops 
do not give the best returns because of an insufficiency 
of available potash”. Wagner's experiments showed 
the following results. The first were made on loam, 
loamy sand, and sandy soils, and red clover, potatoes, 
lape, and barley were grown. Of 100 parts of potash 
found in the soil by analyses the plants removed 4*8 
parts from the loam, 7'4 from the loamy sand, and 7*4 
ftoin the sandy soil. In the second experiment the 
^aiue soils were used for oats, pease, wheat, rye and 
harley. Of iOO parts of potash in the soil these plants 
i-omoved4*5 partsfrom the loam, H‘6 parts from the loamy 
"iand, and 10*0 from the sandysoil. The third experiment 
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was tried on six different soils, in which for three 
successive years Italian rye grass was raised. This crop 
removed of every 100 parts contained in the soil : — 


! 

1 

1st Y kau. 

1 2ni) Y kar. 

: 3rd Ykab. 

Total. 


Percentage Percentage 

Percentage 

Percen tago 

Soil. 

of potash 

of potash 

of potash 

of potash 


removed. 

removed. 

removed. 

removed. 

1. Smidy Soil (rich in 





humus) 

4S-7 

70 

10-3 

6(5*0 

2. Handy .. -I 

44-2 

(5 8 

4-7 

55-2 

a. Sandy Ijoani 

42-y 

10-5 

3*(5 

57-0 

4. Loam 

24*2 

4-(5 

4*1 

32*9 

6. Sandy lioani 

Idl 

2*7 

1-G 1 

17*4 

G. Loam 

11*5 

1*0 

2*2 

18*7 

Of pure Potash used 

in Agriculture the figures av 

for 1880 


... 29,1 ‘27 tons 


1000 


... 255,722 „ 


1000 


... 452,804 „ 



01' course the figures are eyer so much greater for 
the manures that contain varying percentages of potash 
and those of lOOfi go well beyond a million tons. 


Dr. Maas, of Muenster, writing of “ The Action of 
Common Salt on Cultivated Plants,” says: — “The 
elements, chlorine and sodium which, combined in 
certain proportions, form cojnmon salt, were for a long 
time considered absolutely necessary for the normal 
growth of plants, and if such is not the opinion of 
agriculturists of the present day, science is yet far from 
clear as to the part these two chemicals play in plant 
physiology. The question is important for the agricul- 
turist, for a gre.at deal of common salt is added to the soil 
when potash salts, especially the raw potash salts, are used 
in quantities as manures. Practical experience teaches 
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ns that chlorine and soda at least help to a considerable 
degree the growth of many plants. Buckwheat, for 
example, grows better when chlorine is placed at its 
disposal. Other plants show in their ashes a pre- 
])onderating amount of the combination of the two ele- 
ments, which even regulate the outward appearance of the 
so-called ‘ Saltplants.’ There are also many pastures and 
meadows, annually submerged by salt sea water, which 
give fair returns, a proof that common salt suits them. 
Wagner found, from various experiments, that many of 
our cultivated plants of the class to which the turnip 
belongs cannot give the best harvests unless soda is 
added to the soil. A special physiological action is 
brought about by soda on the plant during the early 
stages of its growth, which cannot he accomplished by 
other chemicals nearly allied to soda. Schneidewind 
bedieves he can trace this good effect to the ease with 
which soda is assimilated perhaps, or partly to the 
rapidity with which it carries the nitrate and phosphoric 
acid through the plant. It may be of interest to mention 
an experiment carried on for ten years by Privy Councillor 
Wohltmann on the grounds of the Agricultural Academy 
of Poppelsdorf, on heavy clay soil. The tost was made 
on the most important cultivated plants with increasing 
doses of salts, till the application reached 500 kg. per 
morgen. Manuring was not carried out every year . 
between two manured plots one always remained un- 
manured as a check plot. Though in other places com- 
mon salt was used with benefit for barley, in this case such 
was not the case, nor did it benefit wheat, pease, or 
beans. Even buckwheat did not respond, contrary to 
expectation : when so heavy a manuring as 500 kg. was 
given per morgen, the harvest was an almost total failure. 
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liye suffered least, the corn was less : but the wheat 
increased. Kye, however, is a crop which when grown 
on good soil, responds least to manure. Potatoes are 
well known to feel the effects of chlorides ; the tubers 
were less as also the contents in starch. Still if chloride 
is placed at the disposition of the potato it assimilates 
it greedily, and it finds its way into the leaves. But the 
tuber cannot bear the soda at all. ^Vith beet and still 
nioniin the case (d‘ turnips manured with 500 kg. per 
morgen the increase was great, even reaching d5 per 
cent. The '.ncrease was not greatest with the heaviest 
application of manure. The sugar contents of the beet 
did not suffer. The turnip takes soda with avidity and 
uses it and this explains its preference for Chilisaltpetre 
over Sulphate of Ammonia. It grows wild near the sea 
where it receives its supply. But even to such plants, on 
clay soils, we advise a manuring not with salt but with 
kainit which contains salt also. 

Uegarding the purchase and use of well-balanced 
fertilizers the following words of Principal Wright, of the 
West of Scotland Agricultural College, in addressing tht 
Kircudbright fanners, under the auspices of the Stewar- 
try County Council on “ Some Hints about Buying 
Manures, ’ reejuire serious attention : — 

“ Xuineroiis experiments carried out in Englanr 
during the past ten years, as well as those carried out it 
the West of Scotland, had all shown that in ordinary 
farm conditions the manure for each crop should suppl) 
the w^hole of the three ingredients ; Nitrogen, Phosphoric 
acid, and Potash. It was probably the cheapest methot 
for farmers, who had the requisite skill and knowledge 
to buy these ingredients in separate manures, and to nii> 
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them for themselves, or to appl^' them to the land sepa- 
rately, one after the other ; but, on the other hand there 
were practical difficulties connected with the proper 
mixing of manures of farms, which had caused many 
lariners to prefer buying manures already compounded 
for them by manure merchants, and more than half of 
the manures used in the country consisted of these 
specially prepared mixtures. These mixtures sold by 
merchants had several advantages to compensate for 
the drawbacks. First of all, the mixing of the ingre- 
dients done in the manure works was much more thorough 
and efficacious than could be done on the farm, because 
farmers had not the requisite machinery, hor the same 
reason they could be more cheaply mixed in the manure 
works, and they could be sent out in a liner state of 
division. This was of great importance, because on the 
thorough mixing of the ingredients, on tlie freedom from 
lumps, and on the dryness of the manure, depend its 
( (lual distribution over the soil, and the amount of effect 
it would produce on the crops, and it was certainly 
better to pay a higher price for manure in thoroughly 
good condition, than it was to buy a less effective man- 
ures at a cheaper rate. Another great advantage in mixed 
manures supplied was that they were prepared for the 
requirement of each particular crop. Manure merchants 
deserved very great credit for this. They seemed to 
’nave escaped altogether the idea which prevailed so 
widely and v/liich was ^essentially erroneous, that 
manure required to be varied in a great degree, on 
account of the nature of the soil. As a matter of fact, 
the manure that would grow a good crop of turnips in 
one part of the country, would also grow a good crop 
in another, and while within narrow limits some varia- 
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tion had to be made to suit the nature of the soils, ii 
was essentially and mainly true that manures ought to 
be adapted to suit the requirements of the particular 
crops and not the soils”. 

Professor Wagner, of Darmstadt, speaking of tlic 
use of artificial fertilizers, lays down certain rules gathered 
from practical experience. We cannot by the use of 
farm -yard manure alone obtain from our fields the 
greatest profit gross or net. We must consecpiently use 
with it such artificial manures as can be purchased. An 
incompl(*.te manure with ISiitrogen or Phosphoric acid, 
and Potash wil! never give the best results. We must 
make use of all the plant food-stulfs in the right pro- 
portion. l<]aGh acre and each crop requires a special 
fertilizing and it behoves the farmer to learn this by 
experience and to prove it. 

It is not advisable to use Kainit and Chilisaltpetre 
(Nitrate of Soda) in large quantities on heavy clay soils, 
because tliese salts harden tlie land, crust it and render 
it impervious to water. It is true that repeated liming 
can lessen the ill-effects, but it will never completely 
remove them. 

On heavy land only Sulphate of Ammonia should 
be uv(‘d as a nitrogenous manure, and, when Potash is 
requin'd, a concentrated potash salt such as 38 per cent. 
Potash fertilizer sliould be employed. Similarly Basic 
Slag is better for sandy soils, superphosphate for those 
of heavier texture. * 

Certain soils ac^t better on one quick-acting manure 
than on another. The beet-root, for instance, is better 
treated with Saltpetre, the potato with Sulphate ol 
Ammonia. 
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It is the same with potash salts. Certain plants 
thrive better with Kainit, that contains besides potash 
common salt and salts of magnesium, which would 
certainly not be judicious to add to the soil where sugar 
is to be raised. 

Though sulphur in its free state or as sulphites is 
harmful in plant life, it is very useful in the form of 
salts such as sulphate of ammonia, potash, jiiagnesia, 
and lime. Th(3 last-mentioned, usually termed gypsum, 
when ground fine, is considered a preservative of the 
nitrogen in farm-yard manure. When mixed with the 
manure lieap it decomposes the carbonate of ammonia 
forming sulphate of ammonia and sulphate of lime, 
and thus preventing ammonia escaping as a gas. It 
acts upon the potash of the soil rendering it available as 
plant food and thus, like lime, acts as a secondary 
manure. There it will also serve to render available plant 
foods in tlie sub-soil and benefit especially deep-i*ooted 
plants. It helps also as a good regulator of moisture. 
On alkaline lands termed in India reh, kullur, or soudu, 
containing a heavy percentage of carbonate of soda, its 
efficacy appears to arise from the breaking up of the 
carbonate of soda into free carbonic acid which escapes 
into the air, and soda which is not only harmless, but 
at times takes ‘the place, to a certain extent, of the potash 
that may be wanting. Used in conjunction with a 
complete manure, crops will be obtained in such places 
where formerly even grass refused to grow. Experi- 
ments in the North Arcot District with bisuiphate of 
potash neutralised by lime have proved exceedingly 
beneficial in field experiments oh soils, the harvest 
rivalling those from the best paddy-fields. 
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In order to find the unit value of the different 
ingredients forming a fertilizer we must study the 
valuation of manures. This does not refer to the value 
of manures in increasing the crops. Some may be excellent 
when used alone, even when not complete, if the soil be 
well provided with the other necessary plant-food consti- 
tuents, or useless it' these are not present, others may be 
complete and well-balanced, or more suitable for certain 
crops or soils without being so costly. By the word 
valuation is meant here the price on the market. 

To make a comparison we must know for what 
principal food or foods the manure in question is sold, 
and compare the prices of other manures bought for this 
special food. 

We therefore select a unit of price for 1 per cent, of 
the particular food constituent in a ton of the fertilizer. 

Sulphate of Ammonia, for instance costs, say Bs. 180 
per ton, whilst Nitrate of Soda is valued at, say Ks. 172. 
Both are quick-acting manures. The former contains 
20 per cent, of Nitrogen, the latter 15' 5 per cent. 

To compare prices, we find the value of the unit of 
Nitrogen, thus : — 20 units in Sulphate of Ammonia 
cost its, 180, or its. 9 per unit. In Nitrate of Soda 
15*5 units would cost its. 170-8, so one unit costs Bs. 11. 
The extra Its. 2 per unit may be repaid by its use when 
Sulphate of Ammonia would not be so efficient. With 
these, other nitrogenous manures can be compared. 

Say an oil cake well-ground and ready for use 
in the fields, cost Its. 65 per ion. It contains 5’ 5 per 
cent Nitrogen. The unit value will then be Rs. 11-13 ; 
but as this is a slow acting manure compared with the 
two mentioned above, it may be of less value for any 
particular crop, and consequently may be very much 
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dearer, in fact, than the others ; or, it may be just what 
is wanted, a good but moderately quick acting nitrogen- 
ous fertilizer, and then its higher comparative value pe- 
unit may be worth paying for, as little will be washed 
into the drainage. There is generally a small amount of 
phosphoric acid and potash in oil cakes, and, though, 
this is not usually allowed for, the value should be 
calculated, after the manner shown below. 

A superphosphate, containing 82 per cent, of phos- 
phate soluble in water, costs say Ks. 60 per ton. Being 
very soluble it can be taken as a standard for arriving 
at unit prices, thus : — 82 units cost Tis. 60 ; the price 
of one unit will be Re. 1-14. 

Basic Slag contains 80 percent. Phosphate, but it is 
soluble in citric acid, not in water. The price in the 
market is, say Rs. 40. The unit value will consequently 
be Re. 1-5-0. From actual results obtained on the field 
we can judge which will be the cheaper manure to use, 
the superphosphate at Re. 1-14 per unit, or the Basic 
Slag at Re. 1-5-0 per unit. 

Similarly, Potash manures can be compared. Muri- 
ate of Potash containing 50 per cent, of Potash at Rs. 150 
per ton means Rs. 8 per unit of potash, whilst Kainit, 
containing only 121 per cent, at Rs. 50 per ton would 
mean Rs. 4 per unit. Of course, for manuring coco- 
nuts, the common salt it contains would bo of value, 
and this might be compared with the market value of 
the article on the spot, and thus lessen considerably the 
cost per unit of the potash for which it is sold. 

So taking an average unit value of Nitrogen as 
Rs. 10, that of soluble Phosphate at Re. 1-10 and that 
of potash at Rs. 8, we can at once find what should be the 
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value of a mixed inaniu*e. Suppose we have bone meal. 
The Nitrogen in it is 4 per cent, for example: the Phos- 
phoric acid 23 per cent. 

Were we to say 4 units of Nitrogen at Es. 10=Rs. 40 
and 23 units of Phosphoric acid at Ke. 1-10 = Es. 37-0, 
total Es. 77-0, the calculation would be very misleading. 
Bone does not dissolve rapidly and place its nitrogen and 
phosphoric acid quickly at the disposal of plants. The 
market value is, say Es. 00. To make our comparison 
of unit values, we must compare first the value of the 
phosphoric acid for which it is principally sold. This 
would probably be placed on a level with Algerian or rock 
phosphate containing 00 per cent, and valued at Es. 43 
per ton, or 12 annas per unit, and the bone would be 
valued at 23 X Pi annas for its contents in phosphates, 
viz., Es'. 17-4. The balance Es. 42-12 would be the price 
of the 4 units of Nitrogen, i.e., Es. 10-11 per unit, rather 
heavy if the Nitrogen is required to act on the plant in a 
short time. 

So if a manure were guaranteed to contain 
Nitrogen ... 5 per cent. 

Soluble Phosphate ... 15 ,, ,, 

Insoluble Phosphate ... 5 „ „ 

Potash ... ]0 

the vnliie would read : — 

Nitrogen ... units at Es. 10- 0=Es. .50- 0 

Soluble Phosphate ...15 „ c"J Es. l-10=Rs. 24- 0 

Insoluble Phosphate... 5 „ Es. 0-12=Es. 3-12 

... 10 „ (,f. Es. 3 . o=Es. 30- 0 

Es. iW- 2 

It must he remembered .that in applying various 
manures to the soil and in mixing the same before appli- 
cation, certain chemical changes take place. Some of 
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these may result in the loss ot a valuable ingredient, or a 
soluble manure may become very difficult to dissolve. 
Thus lime manure should not be mixed with farm-yard 
manure, guano, sulphate of ammonia or other nitrogenous 
fertilizers. Again mechanical changes may occur. Kainit 
and I’otash salts mixed with some artificial fertilizers, if 
not at once spread over the land, will produce a hard, 
solid mass, difficult to break up and dissolve, and lime 
added ijo superphosphate renders it far less soluble. 

Dr. Geehens, a German .\gricultural Scientist, drew 
up a simple chart showing what artificials may be mixed. 
We reproduce the same below ; 

i 
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1. Superphosphate. 

2. Lime. 

8. Basic Slag or Thomas Phosphate. 

4 Ammonium Sulphate. 

5. Farm-yard Manure and Guano. 

0. Potash Salts. 

7. Kainit. 

8. Chili Saltpetre or Sodium Nitrate. 


• 20 () 


Those mcanurea which are joined by thick lines must 
never be mixed before using ; those by the double line, 
only immediately before spreading ; those by the single 
line may be mixed together at any time. 

When we see the wonderful effects of intensive 
farming in Europe we are astounded at the little done in 
this country to improve the crops. Yet an expert writ- 
ing on the subject said: — “ The average cereal crop yield 
all over India has been estimated at about 11 bushels per 
acre as agains! dO bushels per acre — all cereals included — 
in England, and that millions of acres in India average 
four bushels or less, while even the addition of one 
busliel per acre would pay the whole revenue and would 
feed the increment of population for a whole decade. ’’ 

, The great Liebig once wrote: — “ I shall be happy 
if I succeed in attracting the attention of men of science 
to a subject whicli so well merits to engage their talents 
and energies. Perfect agricultiircvis the true foundation 
of trade and industry — it is the foundation of the riclies 
of States.” 

This is true Swadeshi. Germany knew the mean- 
ing of Swadeshi and her scientists came to her aid in the 
right manner. In 1890 the beet production was 

300.000 tons, in 1876, it had risen to 1,620,000. The 
average product in 1876 was less than 2,000 lbs. of 
sugar for every 10 tons ; in 1896 the production was 

3.000 lbs. Similarly in the matter of manuring cereals 
Germany has led the way and has been followed by other 
countries. Is it not time that India endeavoured to 
produce that one extra bushel capable of paying tht^ 
country’s taxes and fbr providing for the enhanced 
population in the next decade ? What dreams of 
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wealth would lie before young India if only the 80 
bushels of cereals could be obtained here. If the peo- 
ple cannot find “ muck, muck, and plenty of it,’' they can 
always supply its place by “ fertilizers, fertilizers, and 
plenty of them.” 

There are a few points that sometimes puzzle the 
farmer. He may find his crops rise splendidly, and 
develop leaf and stem year after year, but produce little 
corn. In this it is evident that though the nitrogen and 
potash are present in sufficient quantity the soil needs 
phosphoric acid. 

A light green or yellowish colour of the leaves, red- 
dening towards the extremity, points to an insufficiency 
of nitrogen. 

As a rule soils that remain moist are seldom in want 
of nitrogen — the drier the soil, the more, as a rule, is there 
a need of nitrogenous fertilizers, for the soil is generally 
poor in humus. 

In using nitrogenous fertilizers note should be taken 
of the moisture of the soil and its mechanical texture. 
The amount considered sufficient in fairly dry seasons be- 
comes too much in wet seasons, and the plants assimilating 
more of it run into leaf instead of producing grain, be- 
cause with the increase of moisture more nitrogen is 
placed at the disposition of plants. Clayey soils require 
more phosphoric acid in the fertilizers because the soil is 
generally more moist, while with sandy soils the opposite 
treatment is to be carried out. 

When the plant is flowering and about to fruit it 
builds the necessary substances from the materials already 
taken up from the soil and contained within its own body. 
For the development of leaves nitrogen is necessary, 
^nd a large supply before the fruiting season produces 
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a plentiful store within the plant of the necessary 
material for the fruit. But overdoses of nitrogen often 
cause the lodging or falling over of plants due to the 
weight of the leaves, which tlie stem cannot bear upright, 
and result in a diminution of fruit. But even when 
lodging does not take place, overdoses of nitrogen and 
too much water delay the plants in maturing, and in 
many cases the harvest does not keep. This appears to be 
the case particularly with the potato ciop in India. 

Phosphoric acid increases fruiting and hastens 
maturity. 

Potash helps the general progress of the plant and 
serves as a carrier of Nitrogen. 

It has long been fixed in the mind of the European 
planter in India and Ceylon and is fast becoming a dogma 
among educated landholders of this counti'y that analysis 
of the soil is absolutely necessary if any improvement 
is to be thought of in regard to local agriculture and 
intensive farming. 

One of the mistakes to be expected here with the 
revival of agriculture is an inclination on the part of the 
educated landholder to rush to a perusal of scientific 
works on agricultural chemistry. The owner of the land 
may or may not be conversant with practical farming, 
but his books speak of the importance of soil analyses, 
and straightway he sends a sample of his fields to the 
nearest chemist. There he ascertains his soil is rich, 
say, in potash, and immediately decides that he can do 
without a complete manure, and that potash would be 
an unnecessary and wasteful expenditure. Logical as it 
appears, the argliment is weak, because he assumes as 
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correct that what the chemist finds in the soil is food 
immediately avaiilable fot* plant-life. An eminent agricul- 
tu»*al authority, speaking on the subject, condemned most 
strongly this reliance placed on the authority of chemi- 
cal analysis, and the Colombo Agricultural Magazine^ as 
far back as March 1902, said : “ Such people think it is 
enough tor them to send a sample of soil to a chemist 
with a note reading : ‘ Please analyse the accompanying * 
sample and let me know what manure I should apply.' 
The ignorance displayed by such a bare re:iuest is only 
eciualled by the audacity of the reply prescribing the 
kind of manure to be used.” 

We must bear in mind that it is nearly impossible to 
obtain a sample fairly representing, say, a ten-acre plot, 
and the analysis, at best, merely shows what the soil con- 
tains, but cannot tell the farmer whether the plant-food 
is available, A.e., if it lies in the soil in such a state that 
the plants can makcj use of it, nor does it assist him to 
learn how the food can be rendered available. There 
is abundance of plant-food in many a soil such as reliy 
soudu, or alkaline tracts on which nothing will grow, 
Here we have to take into consideration not only the 
physical condition and mechanical texture, but also the 
deleterious substances in them that destroy plant life. 
Hut taking ordinary soils and analysing them, are we 
helped much on tlie subject of manuring ? 

Agricultural chemists have done an immense amount 
of good to the agriculture of the present day, especially 
those scientific men in Germany who dedicate a whole 
life-time to the closest study of the minutest details 
referring to plant life. But a further study of this 
subject has brought home to the student and to the 

14 
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practical man the limits of the science. We have 
lieard a good deal of the plant-foods and of the necessity 
of having these in the soil. But practical analyses soon 
proved that even the worst soils often contained in the 
first few inches of the surface a great deal more of the 
principal plant-foods than would be necessary for a large 
number of crops. 

This has led to a theory among American agricul- 
turists, that the manure does not act chemically, but 
merely influences the mechanical texture of the soil, 
thus regulating the plant climate. 

No question arises concerning the value of manuring 
It is merely a theory of the manner in which the manure 
alTects th<^ plant and soil, a theory far from proven and 
n direct opposition to the teaching of all European 
scientists. 

To show the difficulty of deciding what plant-food 
is available and what is not we have only to take up the 
report of the Hoathamsted Farm, where the land has 
been cropped since 1839. Though urimanured for 70 
years one plot contained 2,500 lb. of Nitrogen. As an 
ordinary crop takes from an acre between 50 and 100 lb. 
nitrogen, 20 to 30 lb. of phosphoric acid and 30 to 100 lb. 
of pctash, the land evidently had large stocks of all the 
plant-foods required. Yet the addition of 18 lb. of 
Nitrogen in a concentrated fertili/,er increased the crop. 
Evidently, therefore, the Nitrogen in the soil was not 
sufficiently available to return a full crop, and a very 
small addition of the requisite plant-food in the manure 
caused the increase. The same was seen by the addition 
of phosphatic and potassic manures. Again, the* plants 
themselves do their selection, and one plant can get its 
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•supply from a given field while another cannot. Wheat 
and bavley take about the same amount of phosphoric 
acid from the soil. Yet on an unmanured field at 
Koathamsted the wheat got its full supply, while the 
Jl)artey could mature only with the addition of a phospha- 
tic manure. 

The chemists, in giving us the analyses of soils can, 
consequently, give us only figures to help a comparison 
of one soil with another, but cannot tell us how much of 
the plant-food contained in the acre can be assimilated 
by the plant. 

Hamuel B'raser, writing on the potato, says : — “A dOO 
bushel crop has been found to contain 81 lbs. of phosphoric 
acid and 79 lbs. of potash, leaking 19 New York soils, 
the chemists found that the surface 8 inches contained 
per acre (N.Y. Cornell. Bnl. 180 p., 157) 8,058 lbs. of 
nitrogen enough for 88 crops, 4,2 1 9 lbs. phosphoric acid, 
enough for 187 crops, and 10,817 lbs. of potash enough 
for 207 crops. No farmer will say that it is possible to 
grow numberless crops in succession on an acre of land 
without manure ; but, if we merely draw our deductions 
from the chemists’ analyses, this is the sort of thing that 
confronts us, viz., that manuring is absolutely unneces- 
^^ary, and will be for years to come on a very great num- 
ber of soils. Of course an objection can be raised that 
the plants do not cover the whole acre in each season, 
but, allowing for changes of position in the rows, etc., we 
‘ire still led to the conclusion, by the chemist, that 
fertilizing is neither necessary nor beneficial. Of this we 
can merely say, in the words of our school friend Euclid, 

“ It is absurd.” 
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Here science and practical farming do not appear to 
agree. In such a case it is always advisable to look for 
a fault in the scientific deductions and place full reliance 
on long expedience. The difficulty to be explained was, 
if so ranch plant-food existed in the soil, why did not' the 
plants make use of the provision before them ? The 
answer was simple. The food was not in such a form as 
to be available for plant life. To say what is and what 
is not available is so difficult that the matter is far from 
determined yet. The go-a-head American farmers did not 
care to bother much on this subject. They started from the/ 
principle that certain plant-foods were taken from the soil' 
by each crop. Experience taught them that, in course of 
time, their richest lands had beenso reduced as to returir 
poor crops, and the remedy found was manuring. VVlie- 
ther plant-food was still in the soil or not, and how far 
this might be in an available state were questions perhaps 
interesting to the scientist but of little importance to the 
practical farmer. Jle said each crop took certain amounts 
of plant-food from the soil and that his crops lessened in 
consequent', and his hard common sense told him it 
paid best to supply to the soil substances that would 
readily dissolve in water and place in the soil the in- 
gredients withdrawn by the harvest. He did this, and 
science found he was right, and nowadays the science 
of manuring is reduced, to a great extent, to a men; 
matter of ascertaining what the crops take out of the soil 
and replacing these, as a minimum, at the least possible 
expense, in the proportion iu which the plants requin; 
them. Experience may teach us that a greater supply of 
phosphoric acid may be needed for a bumper harvest 
than the analyst finds in a bumper crop. We follow 
experience in this and leave the analyst alone, satisfied 
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that there are many things in agriculture that no chemist 
can as yet explain. 

Dr. Leather, delivering a lecture, a few years ago, 
on some recent investigations in the Chemistry of Agri- 
culture, said : — “There is perhaps no subject which has 
claimed the attention of the agricultural chemist more 
than the soil. At the same time it is one ot‘ the domains 
of agriculture about which, if we have learnt much in the 
past, we have much to learn in the future.** Playfair, 
when editing Liebig’s Agricultural Chemistry, expressed 
surprise that the chemist of that day should be content 
with the determinations of the amount of silicates and 
iron and alumina, leaving the potash, phosphoric acid, 
etc., undetermined. It was a comparatively simple 
matter for the chemist to free himself from this criticism, 
and he proceeded to determine the amount of the valua- 
ble plant-foods, the lime, potash, phosphoric acid and 
nitrogen, with very great precision. This told us how 
much of these ingredients were in the soil. As years 
passed on, it became evident, valuable as this information 
was, it was insufficient. The chemist would find what 
appeared to be only a small proportion of potash or 
phosphoric acid whilst if a manure were given to supply 
the deficiency, it might happen that the crop did not 
respond to the more liberal treatment in such a measure 
as one might have expected. Or, conversely, it was 
found that whilst a few tons of farm manure, or a few 
hundred pounds of more concentrated artificial manure 
would have a remarkable effect on a crop, the actual 
amount of plant-food contained in such manures was far 
leas than the soil itself contained. One fact that appear- 
ed very striking was that soils, which either appeared 
poor froip the chemical analyses, or were actually known 
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to be pool* agricultuially, contained admittedly very much 
more plant-food than several, or indeed many crops re- 
quired. It was known that, at the most, a good crop only 
required a few pounds, ten, twenty, or thirty, of potash or 
phosphoric acid, whilst on the other hand soils rarely con- 
tained less than one per cent, of either of these plant" 
foods, usually indeed more than this, and such a propor- 
tion amounted to no less than about 4,000 lbs. per acre 
in the surface soil, to say nothing of the stores which the 
subsoil were known to contain. It was clear, that all 
this plant-food could not be equally within the reach of 
the crops, that some portion of it must be in a different 
state of combination to another, the plant being able to 
assimilate the one more readily than the other. One 
commenced to speak therefore of “ readily available plant- 
food” as distinct from that which was not so. Whilst a 
recognition of such a difference was easy, and the pro- 
blem to be solved made clear, the method of differentiat- 
ing between, say the portion of the phosphoric acid 
which the plant could readily utilize, and that other 
portion of the same material which it could not, was by 
no means clear.” 

To this day it is a most difficult problem to decide 
how much plant-food in the soil is available for plant life, 
and it is on this account, we recommend the American 
system of ascertaining what has been taken from the soil 
by a crop, and then placing on it, for the next, at least the 
same amount of nitrogen, phosphoric acid and potash 
that have been extracted. 

There are several knotty questions which the student 
of intensive culture might well leave aside for the pl’esent. 
Even the British Association could not give an explanation 
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ot' the deleterious effects of grass upon orchards. The 
why and the wherefore of many things may be learned 
later on, provided we reap the benefits from the facts at 
present. Here we have good farmers all over the country 
whose excellent mode of agriculture may be deficient in 
certain respects either through ignorance of chemistry or 
their want of means. But they are amongst the best 
farmers in. the world, and it would be better to bring 
science to our aid in learning the reasons that actuated 
their forefathers in the methods employed than to deny 
what generations of practical men have proved to be 
highly beneficial. If the greatest scientists fear to speak 
ex cathedra^ it does not do for beginners to have opinions 
too pronounced. 

A very great advance will have been made if the 
Kunbi can be persuaded, in the absence of a sufficiency 
ot cattle manure, to use concentrated fertilizers that, far 
from harming the soil, will enrich the land, while pro- 
ducing bumper crop>. 

That there are still numberless subjects in agriculture 
which require the constant attention of the chemist, there 
is no doubt, and that we have gained much from the 
scientists’ study of plant life is evidenced by the millions 
saved in the victorious conflict against plant diseases and 
various enemies of plant life. But science has not so far 
advanced as to tell us with certainty how much plant food 
is in the soil in a stat^ available for plant nutriment, and 
at this stage it is more advisable to endeavour by means of 
manures, to place in the soil ingredients easily soluble 
m water, to- replace those taken away by the crop, than to 
trouble ourselves with the very vexed question as to what 
the soil cqntains which scientists consider available. 
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This does not, mean that all soil analyses are to be 
neglected. It is well known that in the absence of lime all 
the manuring in the world is useless till the necessary 
minimum is supplied.. It is also established as an axiom 
of agriculture that the crop will respond not to the maxi- 
mum of one ingredient of plant-food supplied, but to the 
minimum of any one ingredient the soil may contain. 
As long as this is remembered and the question of 
availability is omitted, chemical analyses may often 
be found useful, Sometimes even necessary. 

Chemists, applying their science to agriculture, 
amassed a number of facts, which, as individual’ reports 
were not of much value, till their study produced the 
general deductions on which scientific laws could be 
founded. 

Saussure, for ifistance, analysed the ashes of plants 
and invariably found that they contained phosphorus, 
and he rightly judged this essential in plant growth. 
Boussingault went a step further, and analysed both the 
crops and the manure supplied. He could account for 
the carbon obtained from the carbonic acid of the air 
and the hydrogen and the oxygen from the water, but 
• could not account for the nitrogen. The physical pro- 
perti js of the soil and the air and the water supplied 
were counted on in studying the harvests obtained from 
the soil. 

Liebig found that the mineral matter contained in 
the ashes of plants were obtained from the soil and that 
by the addition of these the plants benefited and bumper 
harvests could be obtained. But he required a further 
«cudy of the subject than his ‘Laws ot Manuring' supplied 
and Messrs. Lawes and Gilbert showed the necessity for 
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and the preponderating importance of nitrogen in all 
crops. Here analysis proved of the ver}^ highest value 
to the Science of Agriculture, which owes a heavy debt?' 
of gratitude to Chemistry. But when it is a question of 
the relation of a manure to a soil and what manures 
will suit certain soils, a mere analysis is far from sufficient, 
and the question is finally settled by trials in the field. 
From these we can learn what manures suit certain crops 
lK*st on different soils and draw a fairly general rule for 
tlie application of fertilizers to the crops. 

But its chief. value lies in the possibility of compar- 
ing soils when, after various analyses have been made 
in a district, their practical agricultural value is ascer- 
tained. Thus a sample sent can be placed by the 
analyst in a relative position as regards fertility, ordinary 
conditions being otherwise similar. In course of time 
such analyses give a very good idea of typical soils, and 
later on these can be classified without much danger of 
grave error. If, for instance, he finds a fair average 
sample of soil on which he has to decide, he can say it 
ranks with poor, medium, or good soils, the value of 
which for agricultural purposes is known. He can then, 
with his knowledge of what has been done on other simi- 
lar soils, suggest certain manures worth trying for crops 
raised on that class of land. But here the practical part 
of the business depends not so much on Iris science as on 
the practice of the farmers which he has learnt in 
conjunction with Jiis analyses. His advice regarding 
manures would be worth very little otherwise. 

When dealing with the analyses of fertilizers he can 
tell if they reach a fixed commercial standard of purity 
and price, and he can be absolutely certain in his state- 
ment — a very important point when so much adultera- 
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tion can be carried on without the possibility of discover- 
ing it by the look or feel of the article. Agricultural 
Analyses are of the greatest importance in such cases. 
They are also of the greatest value where the purity of 
oilcakes and other feeding stuffs for cattle t: pst be deter- 
mined; for the health of the farmer’s cattle and their 
weight and strength depend on their feeding, as also the 
value of the store of manure. 

Certain lands like re/i, soudu^ or alkaline soils bear 
next to no crop. Here chemical analysis is absolutely 
necessary to tell us what substances the land contains 
deleterious to plant life and what necessary plant-food 
may be missing or deficient. We may then by means of 
chemistry supply the missing plant-food and by inserting 
materials likely to form chemical combinations, render 
the deleterious substances innocuous, if not useful. But 
the value of soil analysis in other instance's has been very 
much over-rated. In the generality of cases, with 
ordinary soils, there is little need to have recourse to 
chemical analysis. 

The media iiical texture of the soil, however, is of 
great importance to the farmer, especially when he writes 
for advice concerning failure of crops or the fertilizers he 
may require. Certain manures are not available in 
certfiin soils or they may be less effectiv(' than others, 
and a few simple rules to ascertain tlio me.chanical texture 
of the land, may be oi use to our readers. 

Soils are generally classified as :—L Sandy, 2. Sandy 
Loam, 8. Loamy, 1. (Mayey Loam and u. Heavy Clay. 

If the soil does not contain too much vegetable 
matter, dry the few ounces you wish to test, weigh them, 
break up the earth, pour upon it a pint or two of water, 
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shake it up well and allow it to settle. The sand will 
sink to the bottom. Then pour away the mixture of clay 
and water into another vessel, which should not be di^ 
tiirbed till the clay settles at the bottom, when the water 
should be poured away carefully. 

When the sand and the clay are dry they should be 
weighed exactly. The proportion, compared with the 
original weight of tlie soil tested, should be noted. 

If 10 grains weight of clay is found in 100 grains 
of the earth it is termed sandy soil. 


10—40 

Sandy Loam. 

40—70 

Loam. 

70—8.5 

Clayey Loam. 

85—95 

Heavy Clay 


The last mentioned is a soil very difficult to cultivate. 
Soils are often designated V)y the amount of carbonate of 
lime found in them. Those found containing 5 per cent 
are called marls, and if they show more than 20 per cent 
of carbonate of lime they are calcareous. 

Clay soils are often improved by an addition of sand, 
and vice versa. Cattle manure invariably helps to loosen 
clayey soils and to render sandy plots more compact. 

In his work on Tropical Agriculture, Semmler gives 
a fair means of ascertaining, by a rough test, the value of 
land the farmer may buy, testing it for clay and humus,, 
lime and magnesia, and the moisture-holding power of the 
soil. He says : — “ Whoever wishes to take up a virgin 
piece of land should be capable of making a soil examina- 
tion by separating the fine and slimy parts from the 
coarser particles by means of washing with water. By 
this process the presence of some of the most important 
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soil constituents and an appioximate idea of their quan- 
titive proportions may be ascertained, and thus some fairly 
celiable conclusion as to the fertility of the soil becomes 
possible. The materials required are a lew wineglasses, 
a small pestle and mortar, a piece of litmus paper, a small 
. scale, a small bottle of muriatic acid, another of ammonia, 
another of oxalic acid mixed with water, a fourth of 
phosphate of ammonia and of soda and some filter paper, 
all of which may be bought at any chemist’s shop. 

Suppose it be desired to try if a soil contains sand 
and clay. Take 50 grammes of the soil (19-43 grains 
Troy=l Gramme) or 33*14 dwt. Grind it well in the 
mortar, having wetted it first till it is reduced to a soft 
pasty mass. Now dip a piece of litmus paper into it. If 
this turns red, there is a proof that it contains humic acid 
and hence that drainage is required or that lime should be 
applied. Now pour the liquid into a tall funnel, reduce 
it largely with water, and carefully wash out the mortar 
emptying what remains in it into a funnel. If it then be 
allowed to stand for a little time, the various constituents 
will sink to the bottom of the glass according to theii’ 
specific gravity and their degree of division into parti- 
cles. The coarse sand sinks first, then the sand, followed 
by claj% and if humus be present this will form the upper 
layer From the depth of the layers a fairly safe 
• conclusion may be arrived at as regards the proportional 
-quantity of each constituent contained in the soil. 

To continue the examination stir up the sediment 
and in a few minutes pour the cloudy liquor into another 
glass, being careful not to allow the sand, which will have 
meanwhile again sunk to the bottom, to flow off. Tire 
u’esidue must be mixed with water, stirred and, as in the 
Arst instance, be poured out. Continue this process until 
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apparently nothing is left in the first glass but sand. Now 
dry the sand in filter paper and then weigh it. What 
it falls short of 50 grammes will be put to the account 
of fine soil clay and humus. 

To examine for lime, weigh off 20 grammes of the 
dry soil, pour it into a bottle and add 6 times as much 
water ; then add gradually from 6 to 10 grammes of 
muriatic acid put away for several hours in a warm 
place. If, when the muriatic acid is added, a distinct 
buzzing sound is heard, this is a proof that the soil is rich 
in lime. When th(^ contents of the bottle have become 
perfectly settled pour them on to filter paper and add the 
washing of the bottle as well. The yellow liquid is filter- 
ed through, which must, of course, be caught in a glass 
mixed with ammonia until it distinctly sineJIs of it. If 
brown flakes separate themselves in it, these will be 
oxyhydrate of iron and hydrate of alumina (with phos- 
phoric acid). The liquid mustagain be filtered and in its 
liquid state, must be mixed with a solution of oxalic acid 
and w’ater so long as any cloudiness arising from oxalate 
of lime appears. Note must be taken, if during this process 
the smell of ammonia disappears : should this happen the 
smell must be restored by the addition of more ammonia. 
The lime content may be ascertained by the quantity 
of precipitation : but if a more accurate calculation be 
required, the liquid must be poured 0 )i to a dry piece of 
filter pa])er which has to be accurately weighed; the 
precipitated matter on the paper must then be washed 
and' dried near the fire. Then both the paper and 
precipitate are weighed and the gain in weight is 
taken as the oxalate of lime. By heating it is changed 
into carbonate of lime. 
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To test for magnesia a little ammonia is added 
to the oxalate of lime. Then a little phosphate of am- 
monia is dissolved in it and is stirred with a glass rod. 
After a short interval if there is a large percentage of 
magnesia a crystalline sediment results, which consists 
of ammonia phosphated magnesia. If the percentage of 
magnesia is small there will be little precipitate and only 
after standing for a long time. 

To test the moisture-holding ])ower of the soil weigh 
100 grammes of dry eartli, pound it fine in the mortar 
and empty into a glass, the weight of which, together 
with its contents, niust be ascertained. Then pour as 
much water into the glass as will completely cover the 
soil, as niiicli as it cannot he expected to completely ab- 
sorb. In 24 hours the superfluous w’ater must be carefully 
poured off and the glass again weighed. The additional 
weight gives the percentage of water which the soil can 
take up. This powerof water absorption reaches, in the 
cases of clay and humus, to 80 and 1 00 per cent. In the 
case of gravel and sand it falls to 20 and 25 per cent.” 

The land thus studied, the next object of the practical 
agriculturist should he to ascertain what his crops take off 
the soil per acre and tlie means to be employed for 
increasing the harvest. There is a book by Professor Wolff 
givln;^, the analyses of a great number of plants as also a 
list by Dr. Lierke of the amounts of plant-foods removed 
by various crops, but if these be not procurable, recourse 
should be had to the Department of Agriculture to ascer- 
tain what quantities of plant-food are taken off the land 
by average Indian crops. These ingredients should then 
be added to the soil to the extent at least and in the 
proportion in which they are removed : for bumper crops 
larger quantities are required. We may then hope for the 



extra bushelin cereal crops that will change the raiyat’s lot 
from that of misery verging on starvation to one far more 
closely resembling that of the prosperous European farm- 
er. ]Iaving learnt theoretically the value of manures 
and a rough chemical test of soils to enable us to consult 
others about the most economical fertilizers to use with 
our crops, we must begin from actual practice in the fields 
to learn from experience in what proportion various 
particular fertilizers should be mixed to give the very best 
possible returns at the least possible cost. 

This can be done scientificall}'^ by every peasant 
blessed with common sense and a certain amount of 
observation. 

What have the greatest philosophers done but traced 
results to their final causes and having seen the same 
cause under the same circumstances produce similar 
results made a series of statements showing how results 
must take place always and everywhere when certain 
circumstances occur before, without which these results 
would not take place. 

One cannot expect for a very long time to come to 
see, in agriculture, as defined never-failing effects such as 
we term the laws of nature, because we have yet to learn 
fche many things that affect plant life, but we can all know 
in a short time, the result of the manures we use and 
what to expect when we use them. 

The great rule when making experiments is to vary 
one thing at a time. If I alter two or more things 
either in the field or the manure I cannot find out which 
of the changes may have caused the changed results. 

If for instance a dish of rice were cooked and proved 
far from tastyj to learn the cause I should have to use 
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water from the same sonrce and rice fioiri the^saine s^ore- 
place and cook it for the same length of time in 
another pot, to find out whether the pot was to b(‘ 
blamed. I must change only one thing at each trial. 
If I use another pot and different water, or rice from a 
new store or boil it longer, and it prove better than tlu^ 
first I cannot possibly come to an.y conclusion as to the 
cause why the other turned out so bad. 

We must take similar care in testing the value of 
manures to learn what may be faulty. You may from 
your own observation and from the well -verified reporis 
of others gain a little knowledge of certain manures 
during a long life-time, if you simply wait till anything 
out of the ordinary occurs before you, or is told to you. 

But, in experimenting, you regulate things in various 
ways that would not otherwise occur, and then watch tlu^ 
results that follow. India can boast of thousands of 
years of observation, but not of much experiment. 
Cattle manure has been in use for ages, but other 
manures are not much known. 

It is very probable — experience in other places has 
sliown it only too true — .,hat a wise use of fertilizers, other 
than cattle manure, (uther alone or mixed with th(‘ 
profHicts of the farm, will bring about astonishing results 
at a cost well within the means of the average farmer. 
Now if he makes trials on a small scale and learns whai 
the resulting prolit is, it stands to reason he will continu< 
the trials on a larger scale to have so much greater prof- 
it, even if Jie finds it necessary to borrow the money, 
confident that he will be able to return it and yet have 
a large margin of the prolit tor himself when the crop is 
collected and sold. 



‘225 


Much farmyard manure can be spared and the yield' 
maintained and even increased, by using half the ordinary 
(juanirity and thus spreading the dung over twice the 
area, supplying the deficit by tlie addition of* artificial 
fertilizers. The value of this will be seen when, instead 
of placing all the manure on a few acres, no land is left 
unmanured, and the whole farm is thus kept in heart to 
produce good harvests. 

Of course he should experiment on a small scale till 
he knows not only the best hut the cheapest combination 
of fertilizers that will give him the best or most paying 
results, without in any way harming his land. And to 
bring this about, he must, on each plot, vary the amount 
of one of the fertilizers used, and watch the result of 
these clianges. When he sees a certain combination in 
certain (jiiantities give the best results from a particular 
held, he may then generalise and say for such fields 
with such crops, such results may be expected. 

Experiments give the facts on which we may after- 
wards reason. We may, for instance, find that on certain 
lands, the addition of even less phosphoric acid or potash 
ihan a good liarvest recjuires may give bumper crops. 
'The conclusion we come to from this one experiment is 
110!. to be made a rule even for that particular patch of 
field. All we can say is that the soil contained already 
So much phosphoric acid or potash that the little addition 
caused the bumper crop, and as the harvest contains 
more than was put into the soil, a certain amount was 
taken from the soil, which w’as consequently rendered so 
much poorer. A continuation of such a small allowance 
must soon lead to a lessening of the harvest, till, in 
course of time, according to the Law of Minima, the field 
ceases to produce paying, if any crops. Or, as may often 

15 
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be the case with the use of lime alone, foods within the 
soil are, by its action, rendered available to the plants, a 
large harvest results, but the store of plant-food has been 
so eaten into that the raiyat learns the truth of the 
saying mentioned before : — 

“ Lime employed without manure, 

Makes both farm and farmer poor.” 

But instead of speaking in general terms let us come to 
the point and see what can be done by each peasant on 
his own farm. To begin with a few crops as samples, let 
us try first ground-nut. We know we must as a rule put 
into the soil what the crop has taken from it. An 
average crop of nuts removes 100 lbs. of Nitrogen. 

80 ,, Potash. 

24 ,, Phosphoric Acid. 
But the Nitrogen, we have seen, is taken from the air by 
the bacteria in the nodules at the roots of the plant, and 
in feeding themselves, the}^ practically feed the plant with 
nitrogen, free of cost. The Phosphoric Acid and the 
Potash come from the soil. Without bothering about the 
amount of these latter foods that may be present in the 
soil and entering into the difficult question as to what 
part of this is available, we simply put at the disposal of 
plants, by means of manures, at least that quantity that 
has been as a rule taken up by an average or a bumper 
crop. The words at least” are used advisedly, for part 
of the phosphoric acid and potash may not be taken up 
by the first crop, and, if it remains in the soil, the plant 
may be deprived of just so much food if the original 
supply was poor, or in such a state as not to be easily 
taken up by the plants. 

Starting with these preliminary ideas we should now 
select a field whose soil is equally good or bad, having the 
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same advantages of moisture, sunlight, drainage, depth of 
soil, etc. Then we divide a portion into smaller portions 
of say 22 by 11yds. ; and 10 such will occupy but half an 
acre. 

In order that we may not be deceived by some 
unforeseen unexpected result from causes we cannot 
divine, we duplicate eacli of the five experiments, so that 
should two of the same set be vastly different we leave 
them out of onr calculations till the cause is discovered. 
Such a vast difference could, for instance, arise it 
on one plot after the ploughing a temporary small loosely 
built hay-stack had been erected. 

Suppose, however, our plots are about as equal as we 
can expect to have them, the planning out should be as 
follows : — 


1 


. 1 

4 

5 

la 

2a 

1 ' 

1 

8a j 

4a 

5a 

1 


Learning from experience that it does not pay to use 
cattle manure with ground-nuts many peasants use no 
manure at all. 


Plot I should therefore not be manured, though all 
the plots should be tilled alike, sown on the same day, 
and throughout the course of growth and reaping, treated 
as one field. 

As la is a duplicate plot it also will have no manure. 

Plot 2 should receive 5 lb. of bone or basic slag, or 
if it be preferred and the soil contain more than a suffici- 
ency of lime 5 lb. of superphosphate. 
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In the first trial only one of these must be used and* 
after a series of experiments with this phosphatic manure 
another can be substituted as a means of obtaining phos- 
phoric acid. 

Plot 8 should be manured with 1001b. of ashes or 
121b. of Kainit which contains common salt and other 
things as well as potash or 8 lb. of muriate or sulphate 
of potash, but only one of these at a time. In plot 8 the 
potash and phosphoric acid should be combined. 

On plot 4 a very small amount of cattle manure, say, 
100 lb. or 10 lb. of oil cake should be mixed with the 
phosphoric acid and the potash to aid the plants till they 
draw their nitrogen from the aii*. 

And in plot 5 the full amount of cattle manure used 
alone, say 500 lb. 

The duplicate plots arc to be treated in exactly the 
same way, notes should bekept of the time of sprouting,, 
the appeajance of the Helds at various stages of the crop’s 
growth, the time of ripening, and the quantity or w^eight,' 
size, and other qualities of the nuts, and the amount of oil 
extracted from the crop of each plot. 

In succeeding years, as experience may show useful, 
one of the manures may be increased or diminished and 
comparisons thus made. 

The largest crop may not be the best paying as the 
manure may be too dear. There is little wisdom in my 
spending lis. 80 on manures to secure lis. 75, if the 
difference of Us. 45 could have been obtained perhaps on 
an expenditure of Us. 10. 

Care should be taken that the water from one plot 
should not flow on to the next plot, for that would render 
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‘the concinsions arrived at incorrect, since the water would 
^probably contain rnanurial properties on passing over from 
the first plot. For the same reason as level a piece of 
ground as possible should be chosen for the site of the 
•experiments. 

To save time other experimental plots with an 
increase of manures may be tried. 

With sugar-cane where heavy waterings are required 
we must not be satisfied tostartwithonly as much nitrogen 
as the analysis of the crop shows. So much may be 
•washed away in the drainage, and so much, especially i» 
the case of cattle manure, may not bo rendered fit for 
consumption by the plant during the period of its growth, 
that it is advisable, if areally good crop is to be looked 
ifor, to place fertili/.ers in the soil containing at least 
twice the amount extracted from the soil by the cane, say, 
150 lbs. per acre or 8 lb. per plot, and increasing year by 
year in trial plots, whilst retaining the bag of 2 cwt. per 
acre or 10 lb. per plot of ])one or superphosphate constant, 
,as also 2 cwt. of sulphate of potash per acre or 10 lb. per 
plot. Another series of experiments might later on be 
made with a fixed amount of nitrogenous matter and of 
phosphoric acid, whilst the amount of potash used is 
varied from say 2 to 4 cwt. per acre or 10 to 20 lb. per 
plot, so that in course of time the best combination to 
secure the best paying crop can bo arrived at. When 
'Cereals are to be grown similar experiments can be made 
as those carried out on the Burdwan farm. Though 
Nitrogen certainly shows the plainest resultsin the growth 
of these crops it is wonderful what effect is produced by 
potash as a carrier of nitrogen, and numberless experi- 
ments in all parts of the world prove that it is always 
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advisable to supply a far greater amount of phosphoric 
acid than the analysis of the crop shows to have been used. 
We know that the greatest amount of phosphoric acid is 
found in the grain, but we are not far enough advanced 
in agricultural science to be able to tell why the harvest 
of grain increases so much when an over-abundant supply 
of phosphoric acid and not merely a sufficiency, is placed 
at the disposal of the crop. Its action within the plant- 
has not been followed to the same degree as that of nitro- 
gen and potash, and it is quite possible that the excreta 
from the rootb contain a comparatively greater amount of 
phosphoric acid in combination than nitrogen and potash. 

Each farmer should learn tor himself by a careful 
observation of the results of experiments the most 
paying amount to use. 

There is no necessity to go through the list of Indian 
crops to suggest other experiments that should be made 
whether with cotton, maize, kadbi, dhal, etc. 

As to the value of manures we find in the October 
issue of 1910 of the Agricultural Journal of India, under 
the heading, “Concerning Soil Fertility,” reference made 
to Circular No. 142 published by Dr. Cyril C. Hopkins of 
the Agricultural Station of the University of Illinois. 

On the subject of fertilizers, natural and artificial, 
much has appeared in the series of pamphlets on Indian* 
Crops treated from the “ Manurial Point of View ” and 
the frequent reference to these caused even so friendly 
a critic as the Hindu to give us a quiet dig in the ribs. 
Quoting from the “Revival of Agriculture in India” the 
Editor says : — “In some places improved irrigation was 
the cry raised, and oil-engines and pumps were con- 
sidered the royal road to fortune ; in others, iron ploughs 
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were the instrainents to which would-be reformers nailed 
their faith etc., and then with the smile of the unbeliever 
he adds : — “ Others again pin their faith to chemical 
manures and artificial fertilizers as the salvation of the 
Indian raiyat.” Even Dr. Mann, in the pages of the 
Pusa Journal, writes : — “ With some of the details of 
Mr. Kenny’s suggestions, we are not in agreement. 
We do not believe, for instance, that one of the great 
needs of the Indian cultivators is a supply of artificial 
manures. We have little evidence, again, of the progres- 
sive deterioration of most of the land in India which 
Mr. Kenny considers as certain. ” 

In reply, we can merely say, what is admitted by 
all, that India has not a sufficient supply of natural 
manures, that the land has been longer cultivated than 
Europe and America, and that, if in those countries 
manuring is considered the principal cause of the great 
increase of crops, the use of artificials in conjunction 
with cattle manure, or alone where farmyard manure 
cannot be obtained, is a fortiori more necessary. The 
question of price is (juite another thing, and does not 
render the Jiianuring less necessary. It is to be hoped 
the formation of Agricultural Banks will enable the rai- 
yats to purchase artificials at a rate that will render their 
use highly remunerative. In introducing the circular 
referred to, the Editor of the Agricultural Journal asks 
a very pertinent question: — ‘'Will it also pay in India ?” 
The answer emphatically is ; — “ Fertilizers in conjunc- 
tion with farmyard manure or used alone where farm- 
yard manure cannot be had will pay, provided complete 
well-balanced fertilizers are employed, and the Depart- 
•uent of Agriculture that has used ill-balanced incom- 
plete fertilizers lor so many years, is now beginning to 
the value of complete well-balanced manures.” 
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As this is a question of the gi*eateat importance, we 
make no apologies for reproducing verbatim tlie following 
^correspondence extracted from the circular referred to. 

Tile following letter was addressed to the Ministers 
x)f Agriculture of several European countries, and a 
similar letter was sent to other leading Agricultural 
investigators and economists in J'hnope. This corres- 
pondence (giving all the replies received at iho. date of 
going to press), is self-explanatorv. 

‘‘ Univkhsity op IriOiNois, 
Ukhana, Illinois, (J. S. A., ’ 
December 24, WOI). 

To tfis Ex(:lllln(;y 

THE MINISTEH OF AGKlOUI/rUKE, 

The Hcu/ue, Holkuul. 

“Sir, — statistical records chnirly indicate that in 
your country there has been a large increase in the 
average yield per acre of wheat and other cereal crops 
during the last 80 or 100 years, an increase amounting 
as a rule to about 100 per cent. 

We shall esteem it a very great favour if you will be 
so kind as to inform me about what relative proportion 
of this increase you would attribute to each of the 
following factors : — 

(1) 'Fo tlm use of improved seed. 

(2) To the use of plant-food in commercial fertili* 

zers and stable and green manures. 

(8) To better rotation of crops. 

(4) To more thorough tillage. 



“ Without doubt you have sufficient information 
concerning the changes that have occurred in your 
agricultural practice during the last century to enable 
you to designate somewhat closely the relative import- 
ance of these several factors in effecting the increase over 
the former yields and your opinion in this regard will be 
highly appreciated by us. 

With deep res])t'ct, 

I am very sincerely yours, 

(Sd.) CYKIL C. ilOPKTNS.” 

TlfK HaOUK, IfoiiLANJ), 

J anna r If 1910. 

Dear Sir, — In reply to your letter of December 
*24th, 1909, 1 am pleased to inform you tliat indeed the 
increase in the average yield per acre of the cereal and 
other crops in the Netherlands during the last 80 years 
lias been very important. TJie following figures show 
that very clearly: — 


Avp:raok yikld i*er hkgtakk in hectolitres. 


j 

1 

1851 1800. 

1801—1000. 
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Barley 
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Oats 

82- i 
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Potatoes 

i 
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181 1 
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‘'As to your question to inform you what proportion 
of this increase I would attribute to each of the factors 
mentioned by you, I am sorry to say that I consider it 
to be impossible to state these proportions in figures, 
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because a great number of factors, one dependent upon 
the othei’ have wbrked together. 

For instance, the use of improved varieties of seed 
have largely contributed to the increase of yield per acre 
but withoat better manuring and tillage of the soil these 
new varieties would not have shown any results at all. 

Therefore I can only say that the largest proportion 
of the increase of different crops in the Netherlands I 
would attribute to the proper use of commercial fertiliz- 
ers and to the use of improved varieties of seed, the 
other factors coming in the second place. 

I am, Dear Sir, 

Yours faithfully, 

for the Director-General of Agriculture, 
(Signed by the Deputy Director-General.)” 


“ Kothamstkd Expbhimkntal Station, 
Harpendkn, England, Januaru 17, 19.10. 

Dear Dr, Hopkins, — I find some difiiculty in answer- 
ing the questions in your letter because it is impossible 
to reduce the factors one surmises to have been at work 
to the state of figures.- As far as I can come to any con- 
clusions 1 should say the great increase in production 
dates from about 18Jb5 ; it has been almost contemporane- 
ous with the Kothainsted Experiments. Lawes describes 
theKothamsted land as yielding on an average 20 bushels 
of wheat when he took possession ; to-day I should put 
the average yield at about 36 bushels — I don’t think 40 
is regularly got. 
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The factors at work in the increase have been : 

(1) Shrinkage of the area devoted to wheat antV 

other arable crops The best land has- 
remained under cultivation : the worst has 
been laid to grass. The wheat area in 
England in 18(3^ was 3,12(3,431 acres and 
has become to-da}'^ 1.548,732 (1908). You 
must allow a 10 to 15 per cent, increase 
in yield per acre on this account. 

(2) Improved seed does not count for very much.- 

We still grow a good many varieties that 
were known 80 to 100 years ago, e.g., red 
Lammas, Kivette, Boughchatf white, and 
they are still among the good it not the 
best yielders. I should not put down more 
than 10 per cent, of the increase to the new 
varieties. 

(3) Better cultivation and tillage. This is a. 

ditVicult matter to estimate, but from all 
the accounts that have been handed down 
to us the progress in cultivation has been 
toward cheapness rather than toward 
absolutely better work. For example, the 
old English wooden plough is still to be 
found ; it does first-class work, if anything 
better than the iron plough, but it requires 
four horses, a man and a boy, where a 
modern plough will go with one man and 
two or three horses. Probably there 
has been some general levelling to the 
standard of work of the better farmers,, 
but I should expect the best tillage of 1,800 
to be no worse than that of to-day. 



*(4) Tlie great factor has been the introduction 
of fertilizers and purchased feeding stuffs. 
As soon as you can introduce on a farm 
some extraneous source of fertility yon 
can raise the standard of production. 01 
course many of the best farmers buy littit 
fertilizer beyond superphosphate foi 
their turnips, hut they bring in fertilizing 
ingredients all the same in the cotton and 
linseed cake, the maize, gluten meal and 
otlu'v cattle foods which are used to a 
greater extent than fertilizers. 

l^hese of course are only opinions, but in the 
.•absence of all statistical evidence they are the best I can 
give after a good deal of consideration before of this 
particular problem. 

(Sd.) A. D. HALL.” 


“ Uov.vn A(Hn(urr/ruHAL Kxpktumknt Station 

OF TJIK UnIVKHSTTV OF OrOTTINGEN, 
Ctottingeu (Germany), Januarij 17,11)10. 

“ Honoured Sir, — You ask me four questions that arc 
very diflieult to answer. The four factors operate very 
diffeiauitly iu the manifold combinations together as 
well as upon different kinds of soil. 

When I give you the following figures as you re- 
quest, 1 do so witli a feeling tliat they are open to attack 
in the liighest degree. The estimate is dependent upon 
every condition. I believe that the principal increase 
.of the harvest is to be attributed in part to the apph- 
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cation ol; artificial fertilizers themselves and in part to- 
their combination with green manures. Through the 
application of the two the yield upon the average has 
been doubled on our common light soils. In some cases 
the yield has even been increased two and one-half to 
threefold. Clay soils become tillable to a greater degree 
when application of artificial fertilizers are made. 

In general I assume that of the 100 per cent, in- 
cfease in the yield can be attributed : — 

To artificial fertilizers, 50 per cent. 

The effect of artificial fertilizers is increased through 
the better tillage of the soil. To this cause I 
attril)ute *25 per cent. 

To the use of better seed, 15 per cent. 

To the better crop rotation JO per cent. 

However, I repeat, these are my own estimates, the 
exact basis for which is truly lacking. If these estimates 
will be of any value to you, it will indeed give me the 
greatest pleasure. 

Very truly yours, 

(Sd.) VON S]^^.h:LHOBST.” 


“ AgRK^LTLTUUAL CirKMlCVL Exiuiriment 

Station, Halle, A. S. (Germany), 

January 28, 1910. 

“ Honoured Sir, — The greatly increased yields we 
are now producing in Germany of our different grain 
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•crops, especially of wheat, are dependent upon all of the 
four factors you have named : 

1. Upon the use of improved seed. 

2. Upon the larger and more intelligent use of 

fertilizers, e^^pecially of artificial fertilizers. 

3. Upon a better rotation of crops. 

4. Upon more thorough tillage. 

Of these factors, however, the use of fertilizers 
takes first rank very decidedly in increasing the crop 
yields. That the yield is also dependent upon the rota- 
tion of crops you are of course aware. Thus we harvest 
for example, fiO bushels of wheat per acre, on our better 
lands when manured for a previous potato crop, while 
this yield could be secured after the gross feeding beet 
crop only by heavily fertilizing the wheat. 

Very truly yours, 

(Sd.) SCHNEIDEWIND.” 


“Kkpublic of Fbance, 

Paris, January 28, 1910. 

Kir, — Under date of December 24, you addressed to 
me an inquiry with the purpose of obtaining data on the 
causes of increase during the last 80 years of the yield 
per hectare of cultivated land. 

I have the honour of sending you under the enclo- 
sure the elements of a reply to that question and I am 
ready at your bidding to furnish you any other inform- 
ation on the matter.. 
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Accept the assurance of my highest esteem. 

The Minister of Agriculture, 

(By The Directob of Agriculture). 

In 1 ranee the land suitable for the production of 
cereals falls, in great part, into two large, sharply defined 
groups. 

1. Those in which plants of industrial importance, 

the sugar beet particularly, occupy a very 
important place in the rotation of crops. 

2. Those in which plants requiring intercultiva- 

tion are, in general, grown but very little. 

I. — (Intensive Agriculture). 

In the districts devoted to industrial production 
the fanner has put into practice all known aids to an 
increase of yield ; usually he has carried his operation 
methodically. In the first place he has begun by prepar- 
ing his land more thoroughly, by deeper tillage, and by 
ridding of the noxious weeds that infested it. In the 
second place, due to the large number of live stock, 
whose maintenance has been made possible by the 
residue from industrial processes and by the extension 
.of forage culture, artifical pastures, (especially alfafa, 
clover and sainfoin.) he has considerably increased the 
production of farm manure, a commodity which has for 
a long time been supplemented by commercial ferti- 
lizers. These two improvements having been once 
effected, the introduction of more productive varieties 
of stiff-strawed cereals has become a necessity, because 
it was found that the old varieties, nourished by too rich 
a soil, invariably lodged before maturity, and yielded 
only a mediocre quality of grain. 
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The rotation of crops in the industrial districts 
well as elseivhere has remained practically as it was 50 to 
80 years ago. The length of the rotation of crops from 
the same land Brnd the order of rotation has scarcely 
varied. The principal fact to be emphasised in this con- 
nection is the increasing scarcity in the industrial district 
of fallow lands, which have been almost completely 
replaced by cultivated crops and artificial pastures. 

It is impossible to evaluate with any degree of 
accuracy, the part which each of these factors has 
played in tli increase of production in cereals, because 
the result has come from the almost inseparable 
operation of the combined causes. The effect of 
fertilizer, for instance, can only be determined in its 
entirety if the land is very well worked, and if types of 
soil are selected which are lacking in the particular 
elements supplied by the fertilizer, and are thereby 
rendered productive; moreover tlie influence of each 
factor varies between very wide limits, depending upon 
the nature f)f the soil and the climate. 

If one is willing to content himself with very 
approximate', figures, we submit in the following table, 
applying to the districts of industrial agriculture, figures 
representing, as near as can be determined, the relative* 
importance of the different factors (increase in produc- 
tion taken as iOO). 

Increased use of farm manure and fertilizers 

50 per cent, at least. 

Better preparation * 

of the land 80 ,, „ 

Selection of see:! and 

varieties improved 15 to 20 ,, ,, 

(for oats and barley which have been less improved by 
slecticm than wheat, 20 per cent, is certainly too high.) 
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II. — (Extensive Agriculture). 

For the lands ot the second group, the farm manures 
(supplied by live stock becoming each year moie 
numerous as a result of the increased acreage of forage 
plants, and especially in legumes) play a leading role. 
Commercial fertilizers are not entirely unknown in the 
districts comprising this group, but they are often used 
in insutficient quantities and without sufficient prepara- 
tion of the land. 

The improved varieties are scarcely adapted to 
existing conditions there and the farmer has had the 
good sense, in many cases to stand by the old varieties 
which are hardier and better adapted to these as yet 
defective agricultural conditions. 

The scale of efficiency which it seems reasonable to 
suppose is as follows : — 

Effect of fertilizers ... 70 per cent. 

Effect of preparation of land ... 15 to 20 per cent. 

Effect of selection of seed and 

improved varieties ... 5 to 10 per cent. 


Board op Agriculture and Fisheries, 

^ 4, Whitehall Place, London, S. W., 

l.s^ Fehruarjf, 1910. 

Sir, — I am directed by the Board of Agriculture and 
Fisheries to advert to your letter of the 24th December 
and to say that while there is no doubt that a consider- 
16 
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able increase has taken place during the last 100 years in 
the average yield per acre of cereal and other crops in this 
country, the Board would hesitate to place the increase 
at so high a figure as 100 per cent., and they are of 
opinion that 50 per cent, would probably be more nearly 
correct. There are, however, no adequate statistical 
records prior to 1884, when produce returns were first 
collected, upon which any accurate estimate of the 
increase can be based. 

In view of the fact that so many considerations 
have to be taken into account it is not possible for the 
Board to discuss within the compass of a letter the 
relative value of the factors mentioned by you as having 
contributed to the increase, but, speaking generally, the 
Board are disposed to attribute the greatest importance 
to improvements in tillage, including the drainage of 
land and the use of lime. By draining and liming, the 
texture of the soil has in many districts undergone a 
permanent change, and the improvement in texture 
consequent on such operation has rendered possible the 
use of the improved iron implements now universally 
employed. 

Next in importance the Board would place the 
increased supplies of farm manure (enriched by purchased 
oilcake and other feeding stuffs) and of artificial manures. 

The Board are of opinion that the effect of improved 
seed has been much less than either of the causes above- 
named. The farmer of 100 years ago selected his seed 
grain carefully. Some improvement has, however, been 
brought about — especially in the case of oats — by the 
introduction of new varieties. 
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Changes in rotation have chiefly affected grain crop, 
indirectly by the substitution of green crops for fallow 
which has thus increased the manure available on the 
fai’tn. Cereal crops occupy very much the same place 
m a rotation as they did a century ago, and while 
changes in rotation may have been made in order to 
obtalin the full advantage due to improved tillage and 
an increased supply of artificial manures, these changes 
should not be regarded as the primary causes of the im- 
provement in the yield of cereals which has marked the 
past century. 

The Board have dealt only with the points indicated 
in your letter, but it must be borne in mind that, in 
addition, there have been other contributory causes, e.g., 
the general increase of knowledge among the farming 
community and the withdrawal of inferior land from 
arable cultivation owing to the fall of prices. 

I am, your obedient servant, 

(Sd.) T. H. MIDDLETON, 
Hecretarij, 

“ Department of Agricultuhal Chemistry, 
Bacteriology and Plant-Breeding, 
Kaiser Wilhelm Institute for 
Agriculture, Bromrerg 
^ (Germany), February 2, 1910. 

Honoured Sir, — According to my view each of the 
four factors set forth by you has an essential part in effect- 
ing the total increase in yield. I attribute the largest 
share to the influence of systematically selected higher 
yielding varieties. 
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The extensive and discriminating use of artificial 
fertilizers has likewise contributed very essentially to the 
increase in yield. 

Less important but always noteworthy is the im- 
provement in the handling of animal manure. Indeed the 
proper care and best use of animal manure (particularly 
for hoed crops) is always of great interest, so that its 
application to the field is without doubt more to the 
purpose than formerly ; but fundamental progress 
in this line can scarcely be recognized. On the other 
hand green manuring, especially in the very humid parts 
of Germany, has been of great importance and has con- 
tributed materially toward the improvement in the 
culture-condition of the soil. 

Through the introduction of the yellow lupine into 
Germany in the fifties, and the achievements of Schultz- 
Lubitz'in the eighties of the last century, very significant 
progress was made in this line; and it must be granted 
that about 500,000,000 lbs. of nitrogen are annually 
secured from the air through the activity of the root- 
tubercle bacteria associated with the legume crops grown 
in Germany and for the most part this is burned into the 
soil. More recently green manuring has also been prac- 
tised on the better lands and with good results. 

Better rotation and tillage have also contributed 
materially toward the increase of our grain crop. Until 
the beginning of the nineteenth century the common 
three-field system"^ with its small yield prevailed through- 
out Germany ; grass crops having been introduced into 
the rotation only in certain sections. 

* This usually means one year of fall-sown grain (as winter wheat 
or rye) one year of spring grain (as oats or barley or spring wheat) fol- 
lowed by one year of fallow in which more or less weeds are ploughcJ 
under.— 0. G. H. 
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The general adoption of our better rotation systems 
was brought about by Thaer’s work and teaching in 
which has been included hoed crops, and in the last 
decade they greatly expanded sugar-beet cultivation. 
The heavy soils have thus been greatly improved. Of 
fundamental importance in successful sugar-beet culture 
is the condition of the field with respect to moisture and 
drainage, and in consequence great areas of our arable 
land have been drained since the middle of the last cen- 
tury, and this improvement has also made possible the 
higher yields of grain. 

It is difficult to express in figures the relative influ- 
ence of each of the four factors you have named in 
bringing about our total increase in yield. 

With highest respect, I remain, 

Very truly yours. 

(Sd.) GERLACH.” 


“ Konigsbbrg, I. Pii. (Germany), 

February 5, 1910. 

Honoured Sir, — Your questions are very difficult to 
answer within the limits of a letter. 

The progress of German agriculture has been very 
marked during the last 30 years. I attempt to answer 
your questions briefly as follows : — 

1. The improvement of seed has bad much influ- 
ence during about the last 10 years, and each year more 
emphasis is being laid upon seed improvement. 
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2. The use of commercial fertilizers increases from 
year to year and they are now more largely used in 
Germany than in any other European country except 
Belgium. Commercial fertilizers have contributed very 
largely to the increase in yield of our field crops. We 
are striving by their continued use to raise our yields 
still higher, and this result is slowly but surely being 
accomplished. We make better use of stable manure 
than formerly and green manures are used with good 
results in sandy soils. 

8. The rotation of crops has not changed materi- 
ally during the last thirty years. In general good crop 
rotations are practised, but they have had no great 
influence upon the increase in crop yields. 

The better preparation of the soil has been impor- 
tant because deeper cultivation has become more general. 
This is a matter of much significance in our agriculture. 

Very truly yours, 

(Sd.) STUTZEE.** 


“AgriculturatIj Experiment Station, 
Darmstadt (Germany), 

Fehruarij 10, 1910. 

Honoured Sir, — I have delayed answering your es- 
teemed letter, because I wished to send you with my re- 
ply, a little publication, from which you will see that the 
yield per acre which we have already attained are those 
which may yet be secured by more intensive fertilizing. 
In this publication I have written only regarding the 
fertilizing of meadows, but in other publications you 
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will observe that there are not only hungry meadows in 
Germany but also still many hungry fields whose yields 
may be further increased by fertilizing more heavily. 

It is evident, however, that the increase in yield 
which may be obtained solely by soil enrichment has a 
limit and this limit has already been reached in many 
cases in Germany. If we wish to secure still larger 
returns, the result is not to be achieved, on very many 
farms, only by the application of more plant-food ; but 
it will also require better preparation of the soil, the use 
of the best bred seed of the best varieties, the best care 
of the crops, eradication of weeds, etc., in order to 
maintain conditions under which the highest possibility 
is afforded for the larger amounts of plant-foods to be 
transformed into plant substance. 

During the last decade we have been working much 
in this dirtetion and with large results also. Machines 
for the better preparation of the soil have been forth- 
coming ; the weeds are destroyed, the soil is worked 
better and to a greater depth ; and by means of green 
manures, especially the humus content of the soil, has 
been increased. More suitable varieties of plants have 
been bred, attention has been given to these better bred 
varieties, investigations have been conducted to ascertain 
the best amount of seed to plant, the best distance to 
allow between rows in planting, etc. 

It is difficult to say, however, which factors have 
contributed, most to increase the yield. If one surveys 
the last 40 years, it can well be said that the increased 
yield of the first 20 years was produced especially by the 
use of fertilizers, but during the last 20 years we 
recognize the influence of the other factors, which in 
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connection with the ever-increasing use of artificial 
fertilizers have resulted in raising, year by year the 
average crop yields of Germany. We have not yet 
reached the goal, however. In all lines of Agricultural 
production a significant increase is still possible. 

Very respectfully yours, 

(Sd.) WAGNEE.” 


These fevV words will, I hope, prove suflicient to put 
the intelligent raiyat on the fair way to make for himself 
the necessary discoveries that will help him to increase 
his returns, get, by degrees, fairly independent of the 
money lenders, and improve the lot of himself and his 
family. 



RICE. 


Dhanya, one of the Sanskrit names for rice, means 
the supporter or noiirisher of mankind. It is the staple 
article of diet foi- more than half the human family. But 
it is a mistaken notion that throughout India rice is eaten 
daily by all. In many parts of the country it is a luxury, 
and, even where plentifully grown, it is supplemented 
by cheaper and coarser articles of food. So much, 
however, is thought of this cereal in Bengal, the greatest 
rice-growing district of India, that, after new rice has been 
reaped, a grain measure is filled with the fresh unhusked 
rice, pieces of gold, silver and copper coins, and cowrie 
shells, and these are worshipped as the representative of 
the Goddess of Fortune, and, on the Thursday of each of 
the three following months, it is brought out for further 
worship. In the ordinances of Manu food is used as 
synonymous with rice. 

As the field crop in the Malay Peninsula is termed 
padi, the English called unhusked rice “ paddy, ” whilst 
the word ‘ rice ’ appears to be derived from ‘ ari ’ to 
separate, hence Tamil ‘ arisi ’ for husked rice. 

The total area under rice in all India is 08 million 
acres, of which 40 millions are in Bengal, 6 millions in 
Madras, 0^ millions in the United Provinces, nearly 4 
millions in the Central Provinces, 1 million in Assam, 
1 of a million in the Punjab, a similar number in Coorg, 
and comparatively small areas in other provinces. 
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A.ccu8tomed as we are to find the plant spoken of 
merely as rice it is somewhat surprising to learn that 
there are, in Bengal alone, 4,000 different sorts, suitable 
for different soils and climates. And yet the Indian 
peasant knows the various kinds and the right places in 
which to grow them. Mr. C. B. Clarke, an experienced 
and accurate botanist, speaking of the marvellous intui- 
tive knowledge possessed by the hereditary paddy-culti- 
vators, in recognizing the different kinds of rice, says : — 
do not know how, in the young state, the cultivator 
tells the iiri (wild rice) from the anian (winter rice.) I 
cannot.” And Dr. Watt adds : — “ It is far more surpris- 
ing to find the cultivator pick up a handful of dry grain 
and affirm that it would be found suitable to a particular 
method of cultivation, while he rejects an almost precisely 
similar grain as unsuitable.” With reference to this, 
Dr. Watt notices a remarkable fact, viz., that the rices 
of one district are often so different from those of another 
that, if interchanged, the one will not grow on the fields 
on which the other has flourished for centuries, and 
remarks: — “Here the European farmer is confronted with 
a problem scarcely known to scientific agriculture ; but 
although it is so difficult to follow his reasonings, the 
rice-cultivator of India will detect the one from the other 
with a perfectly marvellous degree of certainty.” And 
yet we have good earnest souls out fresh from Europe 
endeavouring to teach the raiyat how to select seeds ! 

Water is apparently the one thing needful for the 
growth of paddy, and the Indian raiyat is in accord with 
the Chinaman in his belief that it is more important than 
seed, manure, tillage, etc., for the plant appears to grow^ 
in any climate and adapts itself in the most wonderful 
manner to various soils, from the stiffest clay to the 
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lightest of sands, flourishes on peaty soils and produces, 
abundant harvests on lands occasionally saturated with 
sea water. It can be grown even on mar or saline clay, 
provided that^ an ample supply of wateu be given and 
evaporation from the soil be checked by never allowing 
the surface to become dry. 

Of the 40 million acres under rice in Bengal, 33 
millions are devoted to the aman crop or winter rices. 
They ripen on inundated fields and are, in consequence, 
called the floating rices. 

Of these the Gholan aman is sown generally in seed 
beds and transplanted when about 9 inches high. It does 
not require deep water. It is sown in May, and reaped 
in October-November. 

The Boran aman is a coarser form, grown regularly 
in deep water. It is broadcasted in low-lying bottoms 
called hhiU and reaped in December or January. 

The Boro crop is transplanted from the seed bed or 
sown broadcast from December to February and harvest- 
ed in A.pril and May, It grows an abundant crop of 
coarse rice, used by the poor ; the Shatia taking 00 days 
to ripen from the time of sowing. As the crop is obtain- 
ed in the hot season it helps to lower the rates of other 
classes of rice which have by then gone up in price. 

The Boro crop can grow in ten or more feet of water 
and is known to shoot up 12 inches in the course of 24 
hours, as the country becomes inundated. 

Sown with it is the liaida rice and when the Boro 
crop is removed the young stems of the raida are also 



cut, but; they continue to grow and the paddy is harvest- 
ed in September or October, being iO or 11 months in 
the field. 


The Aus ol Bhadi)i crop is sown broacftast in April- 
May, on high sandy soil not inundated during the rains. 
It is harvested in July-August. It is the least valuable of 
rices and forms about one-sixth of the Bengal crop. 


Thus we see that rice is 
year round ; — 

1. Aus harvest 

2. Cholan aman 
8. Bo ran am an 

4. Boro 

5. Kaida 


harvested in Bengal all the 

July- August. 
October-November. 
Deceinbe r- January . 
April-May. 
September- October. 


As cowdung is used for fuel all over Bengal, one 
would fancy that the importance of manuring is not 
known. This is, however, far from being the case. It 
is known well enough even when not put into practice. 
Every cultivator has his manure heap, and though he 
burns the dung for fuel, the sweepings of the house and 
of the cattle-shed are carefully preserved, and the dung 
of th^ cattle during the rainy months. In Bengal, where 
the population is dense and each family holds about 4 
acres, there is sufficient manure for about J of the land 
farmed. This, however, is not, as a rule, used for the 
paddy crops. But, wherever the straw cannot be used 
for fodder, it is heaped on the land and burned with the 
stubble. Where manure is procurable it is generally 
used in the seed beds prepared for transplanted paddy, 
and only when there is enough and to spare and it is not 
required for better paying or more exhausting crops, is 
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it spread on the land where paddy is sown broadcast. In 
some places aman lands receive 20 baskets of dung per 
bigha. Some well-to-do raiyats in the Burdwan division 
manure a bigha with a maund of oil-cake. Four tons of 
cowdung is considered a good dressing for an acre, but 
few raiyats can afford this amount in bJengal. For 
Motihani, cowdung is used and ashes. In Watt’s Dic- 
tionary of Economic Products the ashes are said to be 
used to destroy weeds. Yet all over the country ashes, 
wherever obtainable, arc used for all crops requiring a 
heavy potash dressing, and there is no doubt that it is for 
this purpose the raiyat employs it, knowing, from tradi- 
tion and experience, its utility, though he may not be 
aware of the chemistry of the crop grown, nor of the 
action of the potash on plant life. The raiyat every- 
where admits that the application of cattle manure to 
the paddy fields is beneficial, and peasants somewhat 
better off do use it and get better crops than their neigh- 
'bours, but the raiyat’s stock is too limited to spare 
manure for transplanted rice, though he manures the 
nurseries heavily. Where the population is dense there 
is; of course, a larger supply of manure, but in no part 
of India is the natural supply suflicient, and, till now, 
artificial fertilizers are practically unknown. Experi- 
ments have been made and with decided success, but it 
requires more than an occasional experiment to introduce 
so great a novelty as artificial fertilizers. Bonemeal 
was given to certain raiyats and the results were very 
encouraging, as they showed an average increase of 570 
lbs. of paddy per acre by the use of 240 lbs. of bone- 
meal, costing G rupees. Dear as this is, the increase was 
BiS. 9-8, so that even the first crop paid for its use. In 
1905, the Director of Land Eecords and Agriculture, 
Bengal, issued the following interesting resalts of the 



254 


experiments for 12 years with manure on paddy lands in 
the Burdwan Farm : — 




Outturn per 

Cost of manure 

Profit 

Nature and quantity 
of manure 

per acre. 

acre- Average 
of 12 yrs. 
ending 1903. 


per acre. 
Average of 
last 3 yrs. 

per acre. 
Average ol 
last 3 yrs. 


Grain lb. Straw lb. 

Rs. 

A. 

Rs. 

A. 

1. 

Cowduiig, 100 mds. 

" .. 3556 

4479 

4 

6 

85 

5 

2. 

Unmanured 

.. 1374 

2174 

. , 


16 

7 

3. 

Castor-cako, G mds. 

. . 3123 

4628 

12 

0| 

60 

5 

4. 

Cowdung, 50 mds. 

. . 3461 

4630 

2 

3 

58 

12 

5. 

Unmanured 

. . 1492 

2559 



18 

13 

3. 

Bonemeal, 3 mds. 

. . 3663 

5124 

5 

8 

80 

15 

7. 

Bonemoal, G jiids. 

. . 3962 

5509 

11 

0 

84 

10 

8. 

!)• 

Unmanured 
Bonemeal, 3 mds. i 

. . 1549 

2541 



21 

6 


( 

Saltpetre, 30 seers) 

. . 4389 

6178 

0 

4 

105 

0 


* 1 Iificl. (niaund) equals 82? lbs. • * 1 seer, 2 lbs. nearly. 


IJmarfo.^The figures in columns 2 and 3 are 
calculated at the average of 12 years (1891-2 to 1902-3), 
and those in cohimns 4 and 5 at the average of three 
years (1900-1 to 1902-3). 

Attention is invited to the results of the experiments 
with manure No. 9, the last on the list, viz., 3 maunds 
of bone meal and 30 seers of saltpetre per acre. The 
method of cultivation and of application of manure No. 9 
is as follows : — “ The bonemeal should be spread evenly 
on the surface at the time of the first or the second 
ploughing, so that may get thoroughly mixed with the 
soil in the course of the later ploughings. It is not 
washed out by rain. But the saltpetre may be washed 
out and therefore should not be applied till the seedlings 
are fairly established after transplantation. 

The saltpetre should be mixed with four or five 
times its weight of powdered earth and spread broadcast 
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over the growing cuop. It would be better to apply it 
in two instalments at intervals of two or three weeks.” 

Though a notice accompanied this report stating 
that a certain quantity of these manures was available for 
tree distribution to raiyats on application to the Overseer, 
Burdwan Farm, on the mere condition that the appli- 
cant should leave his name and address and promise to 
report on the result of the experiment, it is doubtful if 
many availed themselves of the free gift offered. It is 
not known how far the notice was spread among the 
cultivating population, and, even if they were aware of 
it, it is quite possible the Indian farmer considered the 
whole thing as a ruse on the part of Cxovernment to 
ascertain the real produce of the land and possibly to raise 
the land-tax. Anything is possible, and more extraordi- 
nary things are probable in India. 

But it is not owing to the want of manuring that 
scarcity arises. It is to the failure of the rains in Sep- 
tember and October that all famines in Bengal have been 
due. How far, however, short years, which are of more 
frequent occurrence, arise from the depletion of a wonder- 
fully rich soil, it is difficult to determine. One thing 
is certain that in ordinary years the use of a we|]-balanced 
fertilizer would increase the harvest enormously and its 
continued application would so improve the paddy crop 
that the present poverty of the peasant would soon be 
changed into comparative wealth. It is true that, when 
bought in small quantities, the outlay on artificial fertilizers 
is somewhat heavy for the Indian peasant, but in the 
(jata, or mutual help system observed in some villages, 
where 5 or 10 raiyats, each the owner of a plough and a 
pair of bullocks, form a club for ploughing their lands in 
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common, we have the nucleus of co-operative societies 
which would enable the small farmers to buy manures 
on credit, the vast increase in the harvests enabling theiu 
to pay their debt and put by a part of what was left foi 
future purchases of fertilizers. 

The average return of paddy per care, according tc 
the Journal of the Agri- Horticultural Society of India 
(Vol. I, New Series, 1867), is 27 to 83 inaunds of paddy, 
But Dr. Watt thinks this more than double the yield over 
the total art a, which heplaces at not more than 10 maunds 
per acre or 827 lbs. of grain. In the Madras Presidency 
Tanjore, Godavery, Kistna, Malabar, and Canara are the 
chief paddy-growing districts. The yield ranges from (' 
to 40 maunds or 480 to 3,200 lbs. of grain, the average beinj: 
1,200 lbs. On good wet land three crops can be raised in 
the year, on fairly moist land two crops, and on uplandi- 
one crop. 

The nurseries are heavily manured with dung, ashes 
and rubbish. That manuring is thoroughly appreciated 
in Southern India is evidenced from the fact that even 
kind of refuse procurable, except human excrements, i^- 
used in the manure heap. The District Manual says ; — 
“ The dung and urine of cattle, goats, and horses, asses, 
sheep and bats, ashes, lime, sweepings of houses, bark, 
muck from the tanpit, milk hedge, varagu and othei’ 
straws are some of the many substances commonly us('d 
as manure, and it appears that many of them are applied 
only in particular circumstances and on highly scientific 
principles. The practice of diluting manures with largr 
quantities of water seems to be known to the raiyat, and 
various modes of making, altering and correcting soil 
are well understood. ” 
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Fields on which two crops are raised per annum are 
manured every year ; but single crop lands are manured 
only once in every 5 years. 

As a rule manure is not considered essential, when 
water is suflicient, unless the land is poor. But under 
tanks and wells the fields are manured heavily and great 
pains are taken to obtain it, sheep being penned on the 
land, refuse and ashes ploughed in and silt from the 
beds of dried-up tanks spread over the fields in small 
holdings. All over the Presidency leaves of trees are used 
as manures. The knowledge of the virtues possessed by 
the leaves of certain trees is widespread over India. An 
interesting paragraph from Watt’s Dictionary of Econo- 
mic Products, illustrates this clearly : — “ The leaves and 
twigs of the Adhatoda cesica ’’ are used in rice fields to 
kill aquatic plants. I doubt if this is the only purpose for 
which they are employed and it appears pretty plain that 
their purpose is not manurial, as stated, for they are 
gathered off the field when the water has gained an 
objectionable flavour and the aquatic plants are killed 
before the rice crop is sown or transplanted, though some- 
times it is ploughed in. Instead of the Adliotoda vesica 
or Basuti, the Cedrala Toona (the Toon) or Melia Azadira- 
chta (the Neem) is used. ” Again is added “ when only a 
manure is required. Though these may be the only 
plants used as manures in the Sutlej Valley, the leaves of a 
great number of other plants are scattered over the paddy 
fields in the Madras Presidency and allowed to rot when 
ploughed in, so that one would have expected a deeper 
study of this particular subject from the Agricultural 
Department, considering the remark that immediately 
follows, viz. : — “ In all these cases it will be observed that 
plants which possess powerful properties are resorted to- 
17 
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in place of numerous other weeds, which might more 
conveniently be used. This same idea seems to prevail in 
many other parts of India — as, for example, the almost 
universal opinion, that the leaves of “ Galotropis Gigantea 
(the Ak or Madar — a plant with a most powerful milky 
sap) is a valuable manure for rice land and a specific 
against the injurious growth of reh (alkaline) efflores- 
cence. It is difficult to understand what particular merit 
that green manure could have, or any other green manure, 
in neutralizing the reh salts unless it be that suitable acids 
are freed in tlie course of decomposition, but, as remarked, 
the idea that it does possess some such property is very 
widespread in India. ” And here follows a remark which 
brings us as near as possible to the true solution of the 
question as to the value of these green manures and their 
real action in the fields, viz. : — ‘‘ It is most noteworthy that 
the green manures in most general use in India are, like 
the Basnti, as far removed chemically and botanically as 
they well could be from the crop intended to be cultivated 
and are plants with powerful active principles. It at least 
seems more natural to suppose that the strongly foetidly 
scented leaves would impart an injurious flavour to the 
water sutticient, as is believed in the Sutlej Valley, to kill 
aquatic weeds, than that a few twigs of this plant could 
have a special merit as a manure. If this supposition 
prove correct, it may further be found that the habit of 
using the plant in the construction of w^ells (a use report- 
ed in the Oudh Gazette) may be connected with the 
knowledge that the green scum So common on every sheet 
of water in India will not be found in the presence of a 
few twigs of this plant. ” In Chingleput (Madras,) it is 
used with other leaves employed as manures and is in 
special request for saline soils. In South Arcot and in the 
Kistna District it is believed to be beneficial to crops 
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blighted or diseased, and in several districts it is spread over 
paddy nurseries. In Coimbatore it is grown in hedges 
around betel gardens and, though certainly not a manure 
in these cases, is there of set purpose and proves its 
utility. That the purpose is not that of manuring is clear 
rroui the fact that in the Kangra the plant is burnt by 
the washermen, who use the ashes for washing clothes in 
place of carbonate of soda (sajji mutti). One would 
scarcely think of adding carbonate of soda to alkaline 
soils already overcharged with it, and the object to be 
obtained can scarcely, therefore, be manurial. Perhaps 
we shall come near to the point if we remember that in 
Ceylon all villagers believe in the virtues of Keppetiya 
(CJ oton lacciferum) as a manurial agent and use it in betel 
and garden cultivation, and that there all aromatic smell- 
ing leaves are said to be valuable as fertilizers. Mr, J. B. 
Carruthers came nearer the mark when, at a meeting of 
the Northern Districts Planters’ Association (Ceylon), he 
spoke orr Plant Sanitation, beginning with the remark that 
sanitation was recognized in human medicine and with 
animals, but was not as yet recognized with regard to 
plants. People understood, he said, that dead bodies 
should not be left lying about and other such rules, and 
he wished to impress on them the necessity of observing 
the saiife rules as applied to plants. 1 shall return to 
this point when treating of rahing as practised in the 
Bombay Presidency wheie rice , is grown in districts 
where the rainfall is very heavy. It is important in a 
country like India where the same crops are frequently 
grown, year after year, on the same fields with little 
or no rotation, and is the only explanation of’ the sudden 
widespread and deadly attacks of disease that ruin the 
crops of a whole district. 



‘260 


As mentioned before, manuring is well understood 
in the Madras Presidency and very much resorted to 
wherever sufficient is available. But even where the 
crops are considered well manured practical experiments 
with well-balanced artificial fertilizers prove that a great 
and paying increase can be obtained, and that if all the 
fields as well as the nurseries were fertilized there would 
be an immense increase in the harvests. 

The following are a few reports of successful trials : — 
ViKiNCHiPuiiAM, North Argot, 
3rd January y 1903. 

Your letter of 2nd instant to hand. I am sorry the 
experiment is on very poor soil, slightly sour and hitherto 
totally neglected by lease-holders. With all that, the 
standing crop is very good and for many years past not 
known to have been in such a good state, considering the 
impoverished state of the soil. Tlie result of the appli- 
cation of that splendid fertilizer on that poor land is that 
the crop is equal to that from the best land unfertilized, 
and considering the poorness of the soil the result is 
worth reporting, but as the experiment is not on the best 
soil, I doubt if the result will be of any value for you 
to see. If you find it worthwhile you are perfectly 
welcome to it. The crop will be harvested on Monday 
or Tuesday. My desire is to take a large area under 
self-cultivation and use fertilizers on various products 
and i ivite you for the result. The lands were all leased 
out last April and I wa,s then employed. I will have to 
wait for a time. Two weeks ago I planted :f acre plants 
for nursery beds, J received only one basket of fertilizers. 
The result is marvellous. If you find it worth reporting 
I shall make a note of it in my diary and watch results. 

Yours faithfully, 

(Signed) C. V. Srinivasa SaStri. 
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North Argot District, Madras Presidency. 


Wet land watered by channel from River Palar : 
about acre, 2 crops assessment. 

Nursery bed was prepared on the 8th August, 1902. 
Bix bundles of leaf-manure used, and the seeds sown on 
9th August, 1902.* Ploughing commenced from that date 
and the plants were set on the land thus prepared from 
the nursery bed on the 8th and 9th September, 1902. 
The land was divided into six plots and the six plots 
received equally : — 

2 cwt. bonemeal. 

1 cwt. kainit. 

6 cartloads of farmyard manure and a 
quantity of indigo refuse. 

I considered the quantity of manure was quite 
insufficient. It was done so on account of two reasons, 
viz : — 


(1) The little faith we had regarding bonemeal and 
kainit, and (2) to see the yield for the same amount 
expended last year in purchasing leaf-manure. 

Rain set in and on the 11th and 12th of September 
it was so heavy that the crop sustained a damage of about 
5 per cent., and as the land was flooded I was obliged to let 
out water completely on two occasions. It should be 
noted that the first plot which was not much beaten by 
rain grew so high that before the heads of grain were well- 
formed, the plants fell flat to the ground, unable to stand 
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the wet. The crop was harvested on the 4th January, 
1903, and the result is shown thus : — 

Yield 


year. Manures used. Cost of manure. in 

measures. 

Es. A. P. 

1901-02. 4 cartloads leaf manure 
0 „ farmyard i 

manure, i 9 8 0 759= 


1902-03. 


2,466 Ibsc 

2 cwt. bonemeal. 

1 „ kainit. 

6 cartloads farmyard 
manure and a small 
quantity of indigo re- 
fuse ... ... 9 8 0 1089 = 


3.539 lbs. 


Thus the same expenditure on the same land fetch- 
ed a clear profit of 330 measures (1,072 lbs.) extra. 
Besides this the land is ready for a second crop (three 
months crop). It is a pity that I did not weigh the 
straw, which to the naked eye will be at least 25 per cent, 
more than the previous year. The land was not known 
to have produced more than 600 measures under the 
leaseholder, who totally neglected it for the past 20 
years. 

Ury land irrigated by w'ell, single crop tax, about 
V acre divided into six plots. Two plots received about 
35 lbs. bonemeal and only 5 lbs. kainit. The crop is 
doing remarkably well and there is a marked difference 
between this and the other plots. Pull report will be 
given after the harvest, which will be at the beginning 
of April. 


(8d.) C. V. Srinivasa Sastri. 
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Experiments with Paddy. 

Mb. Srinivasa Sastri’s Land, 11 acres. 

RESULTS TABULATED. 
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3,539 , 9 8 
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20 

1,073 



(Sd.) C. V. Srinivasa Sastrt. 
ViuiNCHUMjRAM, North A root, 

Dated ISth Fehruanj, W()3^ 



Experiments with Paddy. Mr. D. S. Newnan’s Dry Land, Ranipet. 

Lie of the land 
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Banipet, nth March, 190 o , 

The Editor, 

The Madras Mail, 

Sir, 

During this season of drought when every nerve has 
been strained to water a few selected patches that might 
provide grain for the family during the ensuing year, it is 
worth the attention of the cultivator to compare those 
lands that have been manured with the ordinary manure 
of the country and those which have been treated with 
concentrated fertilizers. The fertile lands of Tinnevelly 
and the poorer soil of the North Arcot District alike 
show the decided difference. 

Mr. Newnan, who in former years undertook 
similar experiments, has once more been rewarded with a 
bumper harvest ; whilst the highest yield around Kanipet 
has been 20 kullums per acre, with the ordinary cattle 
manure, his return per acre, after the use of Rs. 16 and 
Rs. 18-10-0 worth of complete concentrated fertilizers, 
has been and 40^ kullums per acre, respectively. 
This at Rs. 2-8 a kulluin will show the profit already 
obtained. A further profit almost as great may be expected 
from ragi on the same fields without further manuring. 

From Tinnevelly Bridge I have the following report 
dated 21st February : — 

‘‘ There is a small piece of paddy land here belong- 
ing to the Firm (Parry and Co.), measuring acre. 
For the crop that has just been harvested I applied a 
complete fertilizer to the value of Rs. 5-8-8 and the 
net ‘profit obtained on of an acre is Rs. 11-6-0 or 
Rs. 49-4-8 per acre. 
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The piece of land referred to is of very good quality 
and I was assured by the owners of the surrounding land 
that the manure would be of no use, as the soil was quite 
rich enough without it. We have had no rain at all 
since the seed was planted with the result that a large 
percentage of the paddy was diseased, but the above re- 
sult is only for good paddy. JSone of the surrounding 
fields have given more than 1/2 crops or a profit of 
Rs. 25 per acre. 

The total yield from the above land was 3f kottas — 
previously it had never given more than 2J kottas.’’ 


Yours faithfully, 
(Sd.) Jf)HN Kenny. 



Experiment No. 1 with Paddy by Mr. D. S. Newnan, Ranipettai. 
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The Editor, 

The Madras Mail, 

Sir, 

Since writing to you on the result of manurial ex- 
periments in Banipet f have received further particulars 
of results from Tinnevelly which will probably interest 
your readers. Three plots of very wet land were select- 
ed during one of the worst seasons. Plot I, was not 
manured at all, and yielded 408 lbs. of grain and 9 bun- 
dles of straw of the value of Rs. 14-4-0. Plot II received 
9 bandy loads of cattle manure and a half bandy load of 
dry leaves, valued at Bs. 8-4-3. Unfortunately the seed- 
lings were planted a month and a half later than the 
proper season and the monsoon failed at the time the 
crops were ripening. Thus, though the harvest showed 
622 lbs. of grain and 10 bundles of straw over the un- 
manured acre, the net loss,in comparison, was Rs. 1-15-10, 
Plot III received 2 cw*ts. and 75 lbs. of our concen- 
trated fertilizer or half the usual quantity, which at 
Tinnevelly cost Bs. 10-12-0. The return harvested was 
1,387 lbs. of grain and 22 bundles of straw, or Rs. 29-9-10 
more than Plot II and a net profit of Rs. 18-13-10 over 
and above the uninanured plot and Rs. 20-13-8 over that 
manured with the ordinary manure used in the country. 
Considering that half the requisite quantity of the con- 
centrated fertilizer was applied during a very wet season, 
the figures speak eloquently. 

Yours, etc. 

•;Su.) John Kenny. 
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Compare with our returns Italian rice fertilized by 
green manuring with clover and by the application of 
530 lbs. of superphosphate and 132 lbs. of calcium cy- 
anamide per acre before sowing and 132 lbs. of nitrate 
of soda per acre as a top dressing on June 20. 

Kice crop per acre. 

llanghino 3,198 lbs. per acre. 

Nero di Vialone 3,860 „ „ 

Lencino 5,216 ,, ,, 

Sancino 5,810 ,, ,, 

Japanese rice tried as above at the Kice G-rovving 

Experimental Station at Vercelli, 

Uic(i crop per acre. 

Early. Late. 

Takatzu ... 4,348 lbs. Onsen ... 6,197 lbs. 

Okidate ... 1,712 „ Oba ... 4,854 ,. 

Sekiyama ... 4,292 ,, Wase-Shinriki 6,047 ,, 

I regret I could not get the returns from field experi- 

ments with concentrated fertilizers on reh,soudu orkullur 
soils. Having succeeded with pot and tub experiments 
I was glad to see a bumper crop in the field, but though 
figures for the harvest were promised they were never 
given me. The crop was as good as that on adjoining 
good paddy soil, as far as the eye could judge of the ears 
of corn. 

I have the record of only one small experiment, the 
first field experiment undertaken on soil that never gave 
any crop though sown with paddy. 

Suthar Beg five years ago bought some land, a part 
of which was certainly the worst specimen of soudu or 
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alkaline soil yet seen by me. To this spot the washer- 
men of the village resorted to gather the surface salts for 
washing clothes. There were three patches A, B and C 
measuring respectively 80 cents, 80 cents and 15 cents 
(an acre is equal to 100 cents). The plots lay thus: — 

A draining into B at 1 and 
into C at 2. The soil had formerly 
been ploughed, manured and sown, 3 

but never returned half of what 
was put into it, and only the very 
poorest paddy, kottipollai, that is, 
consumed on the West Coast, but 
had no value as food in the district, 
was planted. On December 14th, plot A received 2 cwts. 
of special manure. I regret to say I did not add potash 
which would have been very useful but was too costly. 
In this, vellacar, a second class paddy, was sown. In B 
and C kottipollai was sown about this time, the ground 
was flooded with the surplus water from the Thundalum 
and Montthankal tanks and a certain amount of manure 
was carried off in the rush of water from A to B 
through the channel No. 1, whilst a little escaped from 
A to C through No. 2. For six weeks it was impossible 
to tell any difference in the plots. All were very back- 
ward. Then C began to die out gradually till nothing 
was left growing save in the dotted lines marking the 
rush from 2. B faded away similarly as far as the dotted 
lines. A showed bare patches at 8. Some grass covered 
them. 

I regret to say all the three plots were equally 
neglected as the owner looked upon the experiment as 
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one of the crazy things Europeans will occasionally do 
in this country. Plot A was not even weeded. 

Grain 

The harvest was : — A. Vellacar 150 lbs. 

B. Kottipollai lOJ „ 

C. „ ll „ 

The analysis by Dr. Ullman of Horn, Hamburg, of 
the worst sort of this soil, on which even grass would 
not grow, showed a fair percentage of nitrogen and 
potash, viz., 0T05 and 0*14 respectively, but the phos- 
phoric acid was as low as 0*024, differing in this respect 
considerably from the American alkaline soils. To an 
ordinary dressing with nitrogen and phosphatic manures 
I added bi-sulphate of potash after it had been neutral- 
ized with lime, and the result was far beyond my expect- 
ations. As millions of acres of such land lie unused in 
India it would be advisable to try the effects of similar 
fertilizers which would act chemically on the carbonate 
of soda, release the carbonic acid and render the soda an 
aid to the potash, whilst supplying a sufficiency of 
nitrogen and phosphoric acid for the needs of the crop. 
This would probably be very successful in Southern 
India. Where sulphate of soda is the difficulty some 
other combination would be necessary, but, though I 
believe they can be chemically treated with success, I 
have not had experience with such soils. Heavy dress- 
ing with lime would prove a help, besides drainage, but 
experiments on a small scale, beginning with pots and 
plots would not prove very expensive, if the chemical 
affinities of the plant poisons were studied and the 
necessary ingredients for these changes added to the 


Straw, 

375 

50 


manures. 
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The manurial experiments with rice reported by 
the Bombay Department of Agriculture unfortunately 
prove of little use to any one. 


In 1900 three varieties of rice grown on the Surat 
Farm were reported upon : — 



1897-98. 

1898-99. 

1899-1900. 

Kamod 

1,360 lbs. 

2,400 lbs. 

1,111 lbs. 

Sutarval 

1,760 „ 

1,600 „ 

not grown 

Sukvel 

1,384 „ 

3,294 „ 

2,128 lbs. 


All we learn from this is that “ the crops were 
grown from transplanted seedlings and that the rice 
beds were liberally manured with farmyard manure each 
year.” 

For 1901 we have 3,263 lbs. grain as the Kamod 
harvest, Sutarval is again not grown, and Sukvel pro- 
duces 2,355 lbs. In 1903 we have 15 varieties grown 
with harvests ranging from 1,515 to 3,138 lbs. grain. 
What was to be gained by these experiments we 
cannot guess. It is doubtful if the experimenter himself 
knew, as he writes : — “ Kice is a crop which acquires 
strong local characteristics, which, I believe, are not pre- 
served when the seed is transferred to other places. 
And this is all we learn about rice-growing during the 
year. 

In 1904 “ a quantity of nitrate of .soda was very 
kindly supplied gratis, through the Inspector-General of 
Agriculture in India, by the Permanent Nitrate Com- 
^nittee, London, for trials on the farms. ** 

18 
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Considering the long continued and very siiccesstul 
experiments on the Government Farm at Burdwan, it is 
passing strange that this Presidency should wait till 
1903-4 to try experiments with concentrated fertilizers. 
There the manures used were complete, here a nitroge- 
nous manure was considered suhicient. When the law 
of minima is ignored the best fertilizers may prove hope- 
lessly inefficient ; and yet it takes years before the sensi- 
ble way of doing things is commenced. Even with the 
best results nothing could be proved except that during 
certain seasons those particular plots, having a sufficiency 
of the other manurial ingredients, benefited considerably 
by the application of a very important fertilizer for 
cereals. But no general deductions could be drawn 
from such applications. 

On the Surat Farm in this particular case, with 
90 lbs. nitrate of soda used per acre, the harvests were 
on three plots : — 


Unmanured 

1,029 lbs. ' 

1,714 

1,020 

Manured 

1.741 .. 

2,535 

1,582 


telling most decidedly in favour of nitrate of soda, an 
expenditure of Ks. 4 giving a return of Rs. 17. But 
even in the same spots, in course of time, it is more than 
probable that applications of the same fertilizer would 
result in rapidly diminishing harvests. On plot 3 at 
Pardi town the unmanured plot gave 2,514 lbs. grain foi 
the harvest against 1,307 lbs. when the nitrate had been 
used. This is called abnormal, but no attempt is inad(; 
to trace the cause. No analyses of the soil w-ere made 
in order to ascertain if any plant-food ingredient wer<^ 
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abnormally low. Had this been done, probably nothing 
abnormal would have been found, but it would have been 
decided that the return was what was to be expected. 

The reason given for the abnormal return is remark- 
able. It is not difficult to understand that nitrate of 
soda would be less efficacious in a sandy soil than where 
a i'airly stiff clay is to be found and this might explain a 
very slight difference in favour of the manured plot, but 
it cannot possibly be a sufficient reason for an unmanured 
plot giving a harvest nearly twice as great as that from 
tlie manured plot. 

On the Nadiad Farm the experiments would disgrace 
a first year student at an Agricultural College. Five 
plots were manured with 15 tons of farmyard manure and 
five others had the same manure plus crude nitre (60 per 
cent, potassium nitrate). 

The increase on the fields treated with nitrate of 
potash were 85, 90 and 805 lbs. grain, the decrease 20 and 
JOO lbs. The differences in the soil and the quality of 
the farmyard manure could easily account for the varia- 
tions. The price of the nitre would have been more 
productive of good had it been given for sweets to the 
neighbouring raiyats. The desperate attempts to account 
tor the difference are not even amusing. 

In the “ Appendix to the Poona Farm Eeport ” for 
tliis year we have an account of experiments with 
“ crude ” saltpetre as a manure for rice, in the Tliana 
district (7 experiments at Pursik), Kolaba, (5 experi- 
ments at Chouk), and in Poona (2 at Khadakwasla and 
1 at Manjri). 
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That bungling should take place we are not sur« 
prised to learn. 

1. Under “ Previous History*’ the words occur: — 

“ An attempt was made to ascertain 
whether the varieties were the same in 
duplicate plots. ” (On this point no infor- 
mation is vouchsafed). 

2. Itabed areas were excluded as far as possible, 

but later it was ascertained that the 
information first received was not reliable 
and some rabed fields were treated with 
nitre. 

8. Also it was found that some plots had received 
manure. 

The method of application is not quite intelligible. 
Why two men were required, “ one manuring lengthwise 
of the plot, the other applying it in a similar mannei 
walking crosswise of the plot ” is not clear. 

The word ‘‘duplicate” never seems to be used by 
the experimenter in the sense in which it is ordinarily 
employed at agricultural stations. From his report any 
second plot is a duplicate, however treated. 

The experiments are absolutely contradictory. One 
would expect that the application of nitrogen and potasli 
would result in a proportionate increase in straw at least, 
but of the 7 Pursik experiments, 4 plots show an 
increase of grain in the treated plots, and in those four 
the increase in straw is quite proportionate to the 
increase of grain, but in the case of the other three 
untreated plots the increase over the treated plots is as 
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great as it was the reverse in the other four plots. Of 
course no deduction whatever can be made from these 
experiments. 

Nor can we learn anything from the 5 Chouk plots ; 
for, though 4 of the treated plots give a better return 
than the untreated plots, varying from 25 lbs. to 708 
lbs. grain, in No. 11 the variety was not the same in 
both plots, nor are we given the average outturn of such 
varieties to enable us to form a judgment, and in 9 and 
12 there were small areas of rab, which might account 
for the differences in the harvest. In No. 10 there were 
also small areas of rab but the untreated plot resulted in 
a harvest of 4,572 lbs. grain against 2,001 lbs. in the 
treated plot, though the straw was only 2,337 lbs. (this 
looks like an error) in the untreated plot against 2,450 
lbs. in that fertilized with nitre. 

In the 12 experiments of the Khadakwasla series, 4 
of the treated plots are better than those untreated, 8 
are worse. 

Of Manjri we learn merely that “ potassium nitrate, 
sodium nitrate, and castor-cake were used. Castor-cake, 
gave the best results.” 

No details are given, no results tabulated, no quan- 
tities of manures supplied, and no inquiry as to why a 
complete (if not well-balanced manure) gave better re- 
^^ults than fertilizers containing one, or at most two, of 
the chief plant-food constituents. 

The conclusion is about as illogical as it well might 
be, but previous reviews have prepared us for these re- 
^‘narkable mental feats. It runs: — “In conclusion, it 
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might be said that on the whole nitre gave good results, 
but further careful experiments are needed, when all the 
previous history is known.” 

In the rab experiments of L905, although only 10 
lbs. of nitre were applied instead of rabing the one guntha 
seed-beds, the return was better than all the 16 previous- 
ly mentioned plots, i.e., all the rabed plots and the 
other so-called substitutes, returning Hs. 80, the highest 
net profit ; but, with a fatality peculiar to the use of 
nitre as a fertilizer by the department, it sinks to the 
last place but two, the next year, its harvest being 
above only the ‘no rab’ and the ‘lime’ plots; and in 
the table of “results from seed beds ” it holds the last 
place with the ‘ pulverised soil ’ plot. 

Again on page 9i we have three crude nitre tests 
(no idea of its nitrogenous or other contents is supplied) 
and the results show a decrease in harvest accordingly 
as more nitre is supplied, viz., 80 lbs. nitre yields 1,665 
lbs. grain, 160 lbs. nitre, 1,380 lbs. grain, and 240 lbs. 
nitre, 1,050 lbs. grain. 

Potash is also tried alone and yields 1,440 lbs., or 
more than two of the nitrogen and potash plots. 

The next year the harvests are very much smaller 
though the plot manured with twice the amount of nitre 
gives a decided increase in grain, the potash plot returns 
only 560 lbs., the ‘ no treatment ’ plot falls to 344, and 
the new idea of using bones results in 320 lbs. 

Any attempt at a complete manure appears forbid- 
den. As to the ‘ variety tests,’ it is difficult to know why 
these 53 experiments were made. We are told that the 
“ cost of cultivation is rather high on account of it being 
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our first year'* ; but, in the statement following the cost 
of cultivation is put down at Es. 7-8-4. As it mounts 
up to Rs. 42 the next year, the puzzle becomes greater. 
It may be that in 1905 only the rabed seed-bed area was 
taken into consideration, but in 1906 even this shows 
Ks. 24-4-6 as the cost of cultivation. 

In 1905 we have a harvest of 20 lbs. grain from No. 
12 Ghudya Semi (larva, BO lbs. from No. 25 Rajawal 
(larva and 88 lbs. from No. 47 Tin Pakhi Kudai. In the 
table of the succeeding year these are no longer in the 
list. 


Nos. 1,2, 3, 4, 5 drop in 1906 from 1,300; 1,260; 1,640; 
860; and 1,560 lbs, respectively to 806; 340; 791; 160; 
802. In fact all down the list we have a similar falling off. 
The figures are just given in the list, and, if one does not 
like them, he must needs lump them. Barring the 
date of harvesting, there is little information to be obtain- 
ed from the notes as to characteristics. The play on the 
words white, red, reddish is neither very entertaining 
nor decidedly instructive. 

It would be a waste of time to go through the suc- 
ceeding series of nitre experiments ; fv)r Chouk contra- 
dicts Thana and the results of 1906 are as bewildering. 

There is a remarkable note on page 98 of 1905, viz., 
‘‘It may be that the presence of nitre in the absence of 
sufficient water ruined the crops.” It would be interest- 
ing to learn how, “ recently manured fields often 
suffer in a drought.” One would have expected nitre 
decidedly useful at such a time. 

Tests were continued in 1907 with 258 Bengal 
varieties. All we learn of them is “ the yield from each 
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bed (size not mentioned) varied from 2 to 83 and the 
produce was preserved for sowing in the next year,” 
but we have 5 pages of tables about 239 that were red, 
reddish, white and greenish and are told that the rest 
did not germinate. The dates of harvesting are also 
added. And the sum total of what the year’s work 
teaches us is nil. 

Of the 14 selected varieties of the presidency grown 
in two guntha plots we have a return, but what its value 
is to anybody we cannot say. In 1905 and 1906 there 
appeared to be no difference in price for the harvests of 
the different varieties. In 1907 differences appear but 
the sale price is not given. As all the field plots resulted 
in losses, and we are not vouchsafed a line beyond the 
tabulated statements, we must continue to wonder at the 
great amount of restless misapplied energy indicated. 

]Iere also we find complete manures used, but un- 
fortunately nothing can be learnt frojn the ups and 
downs in different liarvests obtained in plots manured 
in the same manner. 

To do any good the department must undertake 
rice growing on a commercial scale and series of experi- 
ments must be tried with definite objects in view. 

In 1908 we are spared the terrible tables of white, 
red, reddish, whitish, greenish, that enliven the pages of 
the report as notes of characteristics in the variety 
experiments. We are satisfied to learn that the 
produce has been reserved for sowing next year when 
some definite information will no doubt be obtained.” 
No doubt ! We appear to have done with nitre also, 
except that a single experiment is reported on page T 
in 1909 and another on page 8. 
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No doubt rice has occupied the attention of the 
department for many years. If nothing has resulted 
from it so much the worse for rice. But from the 
pages of these reports we find no improvement whatever 
in the cultivation of rice shown by the Department of 
Agriculture. Experiments with cattle manure supple- 
mented by complete well-balanced artificial fertilizers, or 
the latter taking the place of cattle manure where it is 
not found in sufficient quantities may possibly give better 
and more paying crops than those grown at present by 
the cultivators, and this appears to ns the immediate 
object the department ought to keep in view. * 

We hear a great deal now-a-days of the wonderful 
work in the paddyfields of various departments of 
agriculture. At last, apparently, we have taught the 
peasants not to be wasteful and shown them how 
unnecessary it is to cover their farms with bunches of 
paddy seedlings at the time of transplantation. So 
much is said of this that a layman is easily brought to 
believe that single transplantation is something new to 
India. Three years ago I (juestioned the farmers around 
Nizamabad why transplantation was not universal seeing 
the positive gain in yield. The reply was prompt that 
there were other facts to Ixi taken into consideration, 
such as the labour for transplantation and for weeding. 
I then looked out for any transplanting that might be 
taking place, discovered a seed-bed and went daily to 
watch what would occur. Transplanting took place of 
single seedlings quite in accord with the present 
orthodox teaching of the agricultural departments in 
quesfion ; but no one had given lessons to these raiyats. 
They required no teaching on the subject. 
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The other day, entering into conversation with the 
Malee Patel of Kamaredi, I asked him if he ever trans- 
planted single seedlings. We were out in the paddy- 
fields and he promptly sat down, took out the single 
seedlings and showed how he planted them ; then he 
took two together and then throe, and stated this was 
invariably done when they had not seed enough. I am 
certain that man never read an administration report 
of any Director of Agriculture, and T am equally prepared 
to state that neither I nor my field staff had ever said a 
wmrd to any one on the subject. 

In the Bombay Presidency we have paddy grown in 
such extremes of soil as the cotton fields of Broach and 
the salt marshes of the Konkan. Over 81 percent, of the 
total paddy-growing a..rea where the rainfall is heavy and 
continuous, rabing is in practice. liah means, originally, 
cultivation, and it is apparent from the very sense of tlie 
word that the natives do not think it possible to grow 
paddy well for any length of time without resorting to it. 
It consists of burning the sun-baked land in the dry 
weather just before the south-west monsoon. Cowdiing, 
collected and dried ascake3,is spread over the soil together 
with loppings from the ain (Terminalia tomentosa), dead 
leaves, inferior straw, pit manure of the wet season, 
ashes, house-sweepings and rctuse and pulverized earth, 
to exclude the air as much as possible and to enable 
the whole to burn slowly. These soils, so heavy as not 
to break easily under the influence of the sun, are thus 
burnt without any previous ploughing. 

Taking the yield of the rahed and cowdunged plot at 
100 the manured but numbed fields yield 78‘5* 
against the uninanured and unrahed 60*3. 



28 H 


In the south of the presidency where the ante- 
monsoon storms are heavy and allow of sowing in May, 
the fields are manured, but not rahed. The benefits 
derived from the ashes left in the burnt fields are 
indubitable, but it is more than doubtful if all the care, 
attention and trouble would be bestowed on the robing 
ot‘ these fields if the idea of manuring with ashes only 
were in question. 

Watt remarks; — “We know that inarsh gas and 
low forms of carbon or organic acids, which injure crop 
plants, are produced by decomposition of humus in very 
wet soils where the supply of air is restricted.”* 

I can quite understand tlie restriction of the supply 
of ail, i.e., the want of yoration in lieavy clay soils, but 
marsh gas and organic acid, say at Lanavla, are not to 
be thought of. In the Bombay Presidency manuring 
for paddy is thoroughly understood and practised, but 
nowhere in India is unnecessary trouble undertaken by 
theraiyat or expenditure on his lands that will not pay. 
People may tell him it is folly to burn his cowdung on 
the land instead of ploughing it into the soil. He has 
behind liim thousands of years of tradition, and I am 
inclined to think a tradition based on truer science than 
our present day agriculturists can teach him. It is only 
a few years ago that the Anglo-Indian newspapers drew 
attention to Bulletin No. 40 by Oswald Schreiner and 
Howard S. lieed of tlie United States’ Agricultural 
Department. Their theory of toxic effects is one sug- 
gested a year before at a meeting of the British Asso- 
ciation, when the question was raised as to tlie injurious 
effects of grass upon orchards. It was admitted the soil 
lost no plant food, that aeration was not impeded and 
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that grass was not parasitic, and so, as no other expla- 
nation offered, it was decided the grass must have some 
toxic effect. 

The only explanation we can find for this pheno- 
menon, the only reason that can satisfy us up to the 
present why in well-manured beet fields the plant will 
not grow for a succession of years unless, to use an Indian 
expression, the fields rahedy the cause of the sudden, 
unaccountable failure of the indigenous groundnut in 
Southern India, and of the Mauritius sugarcane after a 
success of 20 years in Bengal, together with the oft- 
recurring potato blight in various parts of the world, is 
the theory started some 25 years ago by Dr. Jaeger in 
his “ Soul of Plant Life.” The subject is important 
enough to occupy a few lines in this chapter as T believe 
Dr. Jaeger’s conclusions to be the foundation of inucli of 
the Indian rotation of crops and havej a great deal to do 
with the peasants’ use of strong scented leaves employed, 
as is popularly considered, for manurial purposes. Tlie 
discoveries of science in Europe, during the last quarter 
of a century, are, in India, the petrified customs derived 
from hoary antiquity. Home years ago, with loud beat 
of drum, it was announced that an American had dis- 
covered the wonderful power of killing bacteria and 
algce possessed by a very slight solution of sulphate of 
copper. Yet in India this must have been known for 
thousands of years, every one who could afford it having 
, used copper vessels for fetching and storing water from 
time immemorial. 

The knowledge of leguminous crops and weeds is 
perhaps greater and more widespread in India than any- 
where (dse. One should not, therefore, be surprised to 



285 


learn that the customs of the Indian raiy at with ueference 
to rabing paddy lands took its origin from the dictates of 
science in far-off ages. 

From the Researches of Professors Wilfarth, Wimmei\ 
and Roemer of Anhaiilt and from Bulletin No. 40 U. Sr 
Agricultural Department, referred to above, it must be 
adm.itted that plants excrete. Why this should have been 
so long denied or have even formed a subject of discussion 
is a puzzle to me. That plants have different scents i& 
apparent and it is equally evident that the different 
parts of the same plant smell ditferently. Now, in 
animal life, it is recognized that sympathy and antipathy ,. 
often the most violent, arise from the odour that ema- 
nates from the animal. There arealsosome animals that 
loathe the excreta of others and some that feed and 
fatten on such excreta. Does this sympathy and 
antipathy, arising from the same cause, exist in plant 
life ? In Theophrast, Hist, plant IV., 10. (>, we find : — 
“ Certain plants do not. it is true, kill others, but they 
make them deteriorate by their sap and exhalations, as 
for instance, the cabbage and the*Iaurel act upon the vino. 
When the vine branches approach them they are said to 
turn and get out of the way as if the smell were unplea- 
sant to them. Androcydes used this hint to prescribe 
cabbage as a moans against intoxication, since the vine 
branch even in life avoids this smell.” 

Jaeger gives a remarkable instance of the antipathy 
mentioned. He and his neighbours had vines planted 
in their back-gardens of the same sort and by the same 
gardener. His neighbours’ vines all grew in splendid 
condition. His were backward and in danger of dying 
and he could not possibly account for this remarkable 
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difference till hefound he had planted cabbages alongsid(^ 
the vines, while his neighbours had not done so. 

It is well-known that many species of plants drive 
other allied species from their neighbourhood. In this 
relation Achillea Atrata stands to Moschataf rrhnula 
Alatior to ()fficinaliSflihod()dendro)i Alpinum to Hirsutuw. 

There can be scarcely any explanation for this but 
the smell or effluvia, or, as chemistry may show later, 
the action plant excreta, acting chemically on the 
roots of others, or on the bacteria favourable to their 
growth. 

In many parts of India, a weed, striga, springs up in 
the fields and around it a circle of dying plants marks its 
baneful effects upon the crop. There can be no (|uestion 
of the weed’s feeding itself at the expense of all the 
plants in a circle whose diameter is a yard ; nor can it be 
explained in any other way why nothing will grow under 
the tamarind and why the bamboo and gold-mohur are 
so detrimental to most other species attempted to be 
grown under their shade. 

According to the new American theory a toxin will 
have to account for it, but it is just as likely that it is 
the smell and that alone that sickens and kills the sur- 
rounding plants. This seems to be known in India and 
Ceylon to a certain extent and explains the use of strongly 
scented leaves on heavy clay soils to enable paddy to 
be grown year after year in the same fields. 

We have seen that in the Bombay Presidency where 
heavy and continuous rains occur and after the harvest 
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the paddy sfcabble remains in a soil that becomes hard- 
baked in this torrid climate, rahing is resorted to. This 
is also in accord with scientific experiments carried on in 
Germany after beet fields grown with the same crop- 
year after year, refused to return a harvest. Good soils, 
burnt were rendered worse ; bad soils improved wonder- 
fully. In other words as animals love the exudations 
from their own bodies and thrive when they are not 
concentrated, sickening when theeftiuvia is overconcen- 
trated, so also plants love the neighbourhood of others 
and improve by the exudations and exhalations of their 
neighbours, till overconcentration of the effiuvia in the 
soil takes place and sickness follows, unless means are 
taken to rid it of the odour and its cause : and one of 
these means the raiyat has found to be heat, applied to 
such an extent as to open out the soil and admit of the 
expulsion of the odour it contains. 

A more careful inquiry into the smell emanating 
from the roots of fruit trees and from grass, will probably 
lead to the detection of the cause of suffering in orchards 
due to grass. 

Fallowing cannot be wholly explained as necessary 
by Liebig’s system, since, nowadays, farming is so con- 
centrated that plant-foods are not wanting in the soil. 
Jaeger’s theory can alone explain the sudden rotting of 
the Mauritius red sugarcane introduced into Bengal and 
flourishing there 20 years, after which all suddenly died 
down, owing to the attack of borer, whilst those no 
more than 10 years in the district were left untouched. 
In the one case effluvia overconcentrated in the soil 
led to sickness which attracted borer. White ants attack 
wood and by preference decaying wood. A mere layer 
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of charcoal keeps them off. What can explain this but 
that the deodorizing effect of charcoal prevents them 
from getting the smell that draws them to their food. 

I have gone into the question, because I find certain 
men, who instead of giving their best attention to the 
traditions of the peasant and endeavouring to understand 
the reasons, perhaps lost to the raiyat, of their system of 
agriculture, condemn wholesale what the raiyat knows to 
be good, and render themselves ridiculous in the eyes of 
those they w- sh to teach. In the cultivation of paddy, for 
instance, some cultivators are of opinion that the lands 
ought not to be ploughed in Summer, for this would 
destroy the gj’asses and the success of the paddy is 
dependent on the growth of these grasses. In April- 
May, after a heavy shower of rain, the land may be once 
ploughed whilst the soil still contains a large amount of 
water. Instead of destroying the grasses in wet land it 
will encourage their growth. Later on, the land being 
quite saturated, two or three ploughings mix up the 
grasses with the mud and the seedlings of the paddy are 
planted. Dr. Watt here remarks : — “There is, no doubt, 
some truth in the statement that grasses serve the 
purpose of green manuring ; but that this is a one-sided 
view of the matter is evident from the fact of paddy 
grown on lands which are not easily ploughed being 
often subjected to what cultivators call the disease of 
Kadamara/' 

Here again it appears plain that grass is not a green 
manure but that the effluvia from rotting grass serve to 
counteract or destroy the concentrated essence from the 
stubble and roots of the paddy left in the fields from the 
previous crop. 
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In the Annual Report of the Department of Agricul- 
ture, Bombay Presidency, for the year 1908-1909, we 
find the following remarks on the subject : — 

“ The rab experiments at Lonavla were continued. 

Bab is the name given to materials, such as bran- 
ches, cowdung or other substances which are burned as a 
preparatory treatment upon the seed-bed wherein rice 
seedlings are grown for transplantation in the fields. 
This custom prevails in the western part of the Bombay 
Presidency, where the rainfall is from 50 to 200 inches. 
This system of rice cultivation is objected to because of 
its injurious effect upon the forest where branches are 
used, and the waste of nitrogen in the case of cowdung. 
Investigations of the practice have been going on since 
1904 with the objects in view first to find the reason for 
the beneficial effect of the rab and the second to find a 
substitute. The results of the year are in line with those 
of previous years, in that they show that the greatest 
factor in the rab is not the ashes but the heat, but how 
this acts is not settled. Several substitutes have been 
found to be as efficient as rab. Among them are fish 
manure, nitre, oilcake, sheep folding and cowdung 
ploughed in. About 120 lbs. of fish, 20 lbs. ofnitre,1201bs, 
of karanj or niger oilcake, 80 lbs. of safflower cake, one 
cart of poudrette, a small cart of farmyard manure or 100 
sheep folded for 4 days will give as good a supply of 
seedlings as ordinary rab. The cost of these various 
substitutes will vary with each location but in general if 
rab material has to be carried very far, they will not be 
very much more expensive than rab. 

The experiments in field manuring gave indecisive 
results probably due to water flowing from one plot ta " 
another at the time of heavy rain.” 

19 
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The last sentence is rather puzzling. If “ several 
substitutes have been found to be as efficient as rab (and 
it is quite possible such can be learnt) why have we not a 
list of experiments, the nature of the soil, the amount of 
the materials used, per plot, or acre, to take the place of 
rahing, the cost, etc., with the percentage in results for 
each V Evidently it is early to make so definite a state- 
ment when the experiments in field manuring gave in- 
decisive results. But let us examine the whole series of 
experiments made with a view to the elucidation of this 
point. 

In 1904 it was decided to start once more the 
experiments undertaken in 1885 by Mr. E. C. Ozanne, 
Director of Agriculture, Bombay. That a great deal of 
energy was employed to get to the bottom of the quest- 
ions to be decided is evident from the large number of 
tabulated statements published since the trials began 
seven years ago. 

The first puzzle that meets us however, (and the 
whole record is a series of puzzles) is the location of the 
experiments at Lonavla. Mr. Ozanne chose Lonavla, 
Khandalla, Igatpiiri, Karjat, and Alibag, places on and 
below the Ghftts where rabing is customary. His experi- 
ments are interesting and their results in agreement with 
actual harvests in the vicinity of the e.xperimental stations. 
The crops obtained were in accordance with what one is 
led to expect from the long established customs of the 
country founded on practical experience. The depart- 
ment has lost much in neglecting to continue on the 
same lines these carefully conducted experiments. To 
make up for this we find a new series started in 1904. 
We wish we could speak as favourably of them and the 
succeeding trials. With statistics it is said one can prove 
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that the moon is made of cream cheese. By use of the 
figures resulting from these experiments we can conclude 
anything with each yearns tables, absolutely nothing 
when the harvests of the last five years are placed side 
by side. 

In the report for the year ending 1905 (it is easiest 
to refei’ to it simply as the 1905 report) we have a brief 
statement of the results of Mr. Ozanne’s experiments 
and the deductions he drew from them, viz. : — ‘‘ Cowdung 
rab is decidedly superior to all other rabs. Ain comes 
' next and P'angal is inferior to both unrabed and 
unmanured plots. Pair results are obtained from leaf 
and grass rab.” 

On a first view of the question it would appear that 
it mattered little w’hat was used as the burning material 
provided the heat required was supplied, and we find 
this conclusion jumped at in the very first report, in 
spite of Mr. Ozanne and in direct opposition to facts, 
which might easily have been ascertained from the 
peasants around. In 1907 we have a view stated not 
quite in consonance with the above. It reads : — “ So far 
as the figures given below prove anything, they indicate 
that cowdung rab has justified its reputation among 
cultivators as the best preparation for the seed-bed. The 
yields are however much too uneven to be reliable.” 
But, as the only thing we can gather from the report is 
that the figures are hopelessly unreliable because they 
are so uneven, we can only agree with the conclusion 
without seeing any logical process of reasoning that led 
to it. Through the hopeless jumble of contradictory 
figures there seems reason to infer that the supply of 
potash in ashes is not by any means the object in view 
io rabing, nor is heat alone the cause of successful 
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harvests, nor again the apparently more scientific theory, 
that nitrogen- consuming bacteria are killed in the process 
and nitrogen-producing bacteria, salamander-like, emerge 
refreshed from the ordeal. If such were the case,, 
heating in any manner to Ihe same degree of temperature 
would suffice. Yet, contradictory as numbers of the 
experiments appear, they certainly allow us to infer that 
cowdung rabing is better than rabing of any other sort 
and heating the earth off the field is not as good as the 
practice of the Indian farmers. This is also in accord 
with the results we find in the crop experiments made 
to settle the question of the incidence of assessment. 

The experiments were undertaken to obtain answers 
to the following questions : — 

1. What does the efficiency of rab depend upon ? 

2. What rabs are the most beneficial ? 

3. Can any substitute for the present custom be 

found ? 

4. Will any after-treatment of the crop secure the 

effects of rab? 

No less than 25 experiments were tried at Lonavla 
as seen in the report of the year 1905. Apparently 
there were no duplicate plots till 1907, when the 25 
expedments became ten only, for rabing and the sub- 
stitutes that might possibly be used. In 1908 these are 
further cut down to four experiments in triplicate, and 
extended to nine in duplicate in. 1909, together with three 
single experiments in which charcoal, lime, and common 
salt are used respectively to replace rabing. 

" Before starting the experiments of 1905 an unfor- 
tunate mistake appears to have been made in the 
selection of the soil, which may possibly account for the 
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very remarkable results obtained. On receiving the 
analyses made by Dr. Leather on samples of rab 
materials and earths, Mr. Mollison wrote : — “ I have the 
honour to state that the soil, before it was rabed, was 
surely in fine manurial condition, and, therefore, unusual 
in character. In all the samples there is a high percent- 
age of organic matter and also high percentages of 
nitrogen. The rice lands on and under the Ghats which 
are usually rabed, are of a very different character, and 
in order to get reliable information regarding the effects 
of rabing, it would, I think, be well to repeat the experi- 
ments under more ordinary conditions.” 

The advice was followed in the next season ; but, 
though in 1905 it was remarked that “Duplicate experi- 
ments should be made at other stations,” (wdiy at other 
stations?) no duplicate plots were tried in 1900. In 
1905 the plot chosen was rich in the principal plant- 
foods, nitrogen, phosphoric acid, and potash, and even 
the unrabed earth was far from poor on the spots selected 
in 1906. 

The results of the first experiments contradict 
Mr. Ozanne’s trials, and appear to condemn everything 
hitherto done by the farmers. Yet, if we take into 
consideration the richness of the land, we are not 
surprised at the results. In Germany where beetroot is 
grown year after year upon the same land, the soil 
becomes beetroot-sick and refuses to return a paying 
harvest. Of course scientists found a scientific cause, 
viz., the nematodes. They were traced right enough. 
Instead, however, of ascertaining the causes that made 
these accumulate, the object aimed at was not to eradicate 
the causes, but merely to destroy the visible consequences 
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on the spot. It happened that the burning of the soil re- 
moved the nematodes and probably the cause ; but it was 
also noticed that where the land was not yet beetroot- 
sick, burning, instead of doing any good, resulted in 
positive harm. Will this explain the extraordinarily 
divergent reports of 1905 and 1906 ? It looks like it. 
We are told that plot 26 “ is quite near the town and 
received some washings, which, no doubt, increased its 
fertility. Number 51 was a very uniform field which had 
been out of cultivation for several years, but otherwise it 
was very satisfactory.” 

In Mr. Ozanne’s experiments cowdung invariably 
gave the best returns. In the first set of the new experi- 
ments cowdung rab gives a loss of Tls. 20, whilst the un- 
rabed plot shows a gain of Rs. 21 and that neither rabed 
nor manured a profit of Ks. 28. 

Is it conceivable that through centuries the cultiva- 
tors were foolish enough to rab, and to rab with cowdung 
wherever their means allowed of it, if leaving the soil 
untreated would give them a difference of Rs. 49 per 
acre to the good ? Yet this is the sort of thing we are 
led to infer from single experiments in one place, on 
badly chosen sites. 

Why was not M r. Ozanne’s plan carried out ? Sure- 
ly the Department was no juore undermanned in 1904 
than in 1885. 

Another glance at the tabulated results shows that 
ashes of rab proves better than heating the removed 
earth and replacing it, safflower cake is better than both 
and all three give very much better results than rabing. 
Yet in 1906 cowdung rab that was down 16th in the list 
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now gives the best return in grain, though it comes 
second in net profit, and land heated gives a profit of 
Rs. 9 more, viz., Rs. 33 per acre. Cotton-seed, that in the 
previous year returned a harvest of 2,780 lbs. grain and 
4,020 lbs. straw, valued at Rs. 99, returns this year only 
093 lbs. grain and 1,067 lbs. straw, worth Rs, 26, gives 
a net profit o£ Re. 0-15-9, and disappears from all future 
experiments. The safHower cake harvest drops from 
2,120 lbs. grain and 3,650 lbs. straw, worth Rs. 77, to 800 
lbs. grain and 1,120 lbs. straw, worth Rs. 30, and the 
plot with no rab and no manure returns about the sanie. 
Cowdung ploughed in now gives a better return than 
cowdung rab, and the harvest of ashes from ain rab 
drops from 1,720 to 1,400 lbs. grain. 

If experiments without duplicate plots rendered it 
difficult to draw conclusions from the tabulated state- 
ments of results supplied, the many plots selected for the 
same treatment in the Report of 1907 make confusion 
worse confounded. Here we find the ashes of ain rab 
not so productive as ain rab itself, but better than mixed 
branches rab, and cowdung ploughed in returning a 
harvest of 1,420 lbs. grain with a profit of Rs. 16, whilst 
H experiments in cowdung rabing give extremely varying 
results ranging from 680 to 2,110 lbs. and the profit and 
loss vary from Rs. 23 to 42. 

We have attempted to reconstruct the scattered 
tables to arrive at something definite, but absolutely no- 
thing can be made of the experiments. Earth pulverized 
and earth heated are consistent failures this year, 
the former resulting in harvests of 400 and 480 lbs. of 
grain, the latter producing 640 and 800 lbs. Even the 
five safflower plots vary from 978 to 1,760 lbs. grain, 
while the no treatment plots vary from no harvest at all 
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to 800 lbs. grain. The two poudrette plots give 1,360 and 
1,560 lbs. of grain respectively, and the single plot of 
cowdung ploughed in returns 1,420 lbs. 

With mixed branches rab in the seed bed, field 
applications of manure apparently proved hopeless 
failures, 20 of the 23 plots showing losses. Of the three 
in which some gain resulted a cowdung manured plot gave 
a profit of Ks. 3-10 against losses of Ks. L4, 27, and 36 res- 
pectively ; on similarly treated plots, safflower produced 
a gain of Ks. 7-15-3 against losses of Ks: 15, 21, and 34. 
and no treatment in one plot gave a profit of Ks. 10, and 
in three other plots losses of Ks. 15, 19, and 21. 

We cannot but agree with Mr. Fletcher when he 
says : — “It is impossible to draw conclusions of any kind 
from these experiments, the variations between dupli- 
cate plots being often greater than between either of the 
plots and the no manure plots. “ When he adds : — “The 
figures are given for what they are worth,” we are in- 
clined to mutter: — “ The}'' certainly were not worth the 
cost of printing.” 

In 1908 we have a further reduction in the numbei 
of experiments. These practically resolved themselve.^ 
into (1) mixed branches rab, (2) ashes of mixed branchef^ 
rab, (3) earth pulverized, and (4) earth heated, in tripli^- 
cate, but for the difference between 271 lbs. of mixed 
branches rab and 1,080 lbs. in two other plots. Then 
come the manured unrabed plots, viz., safflower, cow- 
dung ploughed in, and as a standard, cowdung rab. 

The apparent mistake in the amount of rab material 
in the mixed branches rab plot put us on another 
problem which also requfres elucidation. The plots 
with 271 lbs. gave a total outturn valued at Ks. 73. Witli 
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1,080 lbs. of the rab the outturn falls to Rs. 58. This 
might possibly be explained by overheating, but, with the 
same amount of the same rab materials in plot 9 the 
harvest falls to a value of Rs. 45. 

So far instead of throwing light on the vexed 
questions before the department, another, and a very 
important matter turns up to be elucidated, viz., the 
exact amount of heat in rabing that is productive of the 
most good. 

Ashes of mixed branches produced in plot 2 Rs. 50. 
Though the same quantity was used on plots 6 and 10, 
there is a uniform fall in value to Rs. 36. The variations 
in the earth pulverized plots are. No. 3 Rs. 64, No. 7 
Rs. 35, and No. 11 Rs. 48. More astounding still are 
the variations in the earthheated plots, ranging as they 
do from Rs. 131 in plot 4 to about Rs. 55 in plots 8 and 
12. Ain rab returned Rs. 77, whilst cowdung rab ranged 
from Rs. 137 to Rs. 60. Here again we have the ques- 
tion alluded to above coming prominently forward 
without any notice being taken of it by the experimenter. 
The return seems to vary according to the inverse ratio 
of the amount of rab materials used. With 1,106 lbs. we 
get Rs. 137 : with exactly twice the quantity the harvest 
falls to less than half, totalling only Rs. 60. 

In 1909, there is one point that does not vary. On 
the duplicate plots 10, 11, 12, 13, 14, 8 and 9 we have 
uniform small harvests, as a rule from one-third to 
one-half of those on plots 1, 2, 3, 4, 5, 6, 7, and yet the 
only remark we find is the following : — This is in 
direct agreement with the previous years’ work that heat 
is the more important factor in rab, but how it acts has 
not yet been demonstrated.” Was this wrote sarcastic? 
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In the seed-bed, various substitutes are compared 
with cowdung rab, and safflower cake tops the list. No 
attempt is made to ascertain why safflower cake should 
be better than any other nitrogenous mknure. All we 
learn is : — “ It will be seen that safflower cake gives as 
good yield as rab while others gave as good seedlings. 
The other substitutes are also useful.’* Yet these useful 
substitutes are not tried in the same manner on field 
areas that receive plants started on unrabed plots. Of 
the seven experiments in this respect not one returned 
as much grain as the untreated plot. Cowdung ploughed 
in gave a very low return in the previous year, the dup- 
licate plots showing harvests of 553 and 973 lbs. grain 
respectively, and safflower, which this year is pronounced 
better than I’abing with cowdung, returned 1,047 and 
1,670 lbs. grain respectively in the duplicate plots in 
1908. 

Yet deductions appear to be made annually from 
the tabulated statements of the year, without the slight- 
est reference to the pigeonholed returns of the previous 
experiments. It is true that in the remark column 
opposite safflower and in other parts of the same we find 
a note ‘^divergencies in soil,” but we should like to learn 
when these were ascertained and how, whether by 
analyses or the harvest, and if known before the trials 
began, why any experiments were attempted that were 
to form the subject of comparison with results from 
better soils. After the various comparisons made we 
have to rub our eyes on looking at page 2 of the last 
report to find if w^e are quite awake ; for, there it is dis- 
tinctly stated that the answer to the question if rab is 
necessary reads that it has been pretty thoroughly settled. 
It was years ago, but not by the experiments of the 
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Department of Agriculture. The lines that fo'llow are 
still more startling. We were under the impression 
that the meaning of the word rabing had been “ pretty 
thoroughly settled,” the more so as its definition is re- 
peated year after year in the Annual Reports. But here 
it gets quite another meaning, viz., “that some prepara- 
tory treatment to the seed bed is required as in regions 
ol heavy rainfall broadcasting is not possible.” Lewis 
Carrol is delightful when he chooses, in the person of 
Humpty-Dumpty, to give wwds any meaning he pleases. 
The report of 190 D is equally entertaining in this 
respect. 

On page 4 we have a new set of experiments to 
throw “ further light on this perplexing question by 
trying certain substances that are known to have a bene- 
ficial action on soils under certain conditions aside from 
the supply of any manurial substance.” Lime we know 
for its action on the soil, common salt is exceedingly 
useful to certain plants, but of charcoal we have not yet 
heard, though rose-growers use it at the roots of their 
plants especially when these are grown in pots. Its use 
has been suggested by us in many cases as a deodorizer 
where a rotation cannot be practised, as on tea and coffee 
plantations, and where fields suffer from the overcon- 
centration of the efiiuvia from the roots, when the same 
cmp, growing year after year on the same field, renders 
lihe soil sick. But we should be pleased indeed to learn 
that the theory had been proved correct by actual 
piaotice in the field, for millions of pounds sterling 
would thus be saved annually. 

In endeavouring to ascertain the kaleidoscopic 
changes in the harvests from plots treated in a similar 
^uanner, we have had to study the numerous tables and 
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again form tables of our own. The following illustrates 
more clearly than any amount of writing the difficulties 
that beset a student when he endeavours to draw any 
conclusion from the rabed and unrabed plots scattered 
through the reports : — 


Hahvest Lbs. Grain. 


i 

1905 1906 

1907 j 

1908 

1909 

1. Cowdung Eab . . 

1420 IB'ioWo to 2110 

1200to2093 


52. ,, ,, ashes. 

3. Safflower 

14301 1600 

1100| 

757 

507 to 1307 

1730j 1333 

1344 

1453 

1447 

4. No Kab 

1410 400 

nil to 480 

, , 

720 

5. Land heated 

: 1700| 1380 

720 

1587 

507 to 1307 

6. Earthpulvorized. . | 

1310, 080 

440 

982 

533 

7. Outside ashes 

1230 880 

788 

, , 

003 

8. Poudrotte 

1420 1320 

1480 

. . 

. . 

y, Oowduug ploughed 
in 

1320' 1700 

1420 

973 

1173 

10. Ain Rab 

1450', 1240 

1440, 1312 

, , 

11. Ash'i.s of Ain Rab 

1720, 1400 

1440 

! .. 


12. Mixed branches rab 

. 14401 1120 

1160' 

. . 

13. Ashes of branches 
rab 

,1 

'1 1 

1 "1 •• 

808 

' 907 

1 

1307 


And from this table we are to make the remarkable 
deduction that rab is necessary and at the same time 
cannot be necessary since we may have substitutes 
for it. 


The difficulties arising from these figures are not 
lessened when we make up tables of (1) the cost of raisin^^ 
seedlings, (2) the cost of cultivation. 



statement showing cost of raising seedlings 
(in Rupees only.) 




1905 

I'JOC 

1907 

1908 

1909 1 

1 




ns. 

ns. 

TIS. 1 

ns. 1 

RS. 1 


1. 

Leaf rab 

14 

12 

18 

I 



2. 

Ain rab 

23 

10 

28 

33 ' 

, . 


3. 

Cowdung 

52 

20 

18 

27 ' 

, , 


4. 

Grass 

9 

12 

10 

i 

, , 


5. 

Mixed branches 

39 

10 

22 

20 

46 


S, 

Ashes of leaf rab 

18 

13 



. . 


7. 

,, cowdung 

Cowdung ploughed in 

03 

21 

30 

. . 

, , 


8. 

54 

25 

15 

10 

• , 


1). 

Ashes of Ain rab 

58 

11 

33 

. , 

, , 


10. 

Land heated 

40 

1 

' 37 i 

70 

130 


11. 

No rab 

4 

! 6 1 

i 

* * 

9 


13. 

Fish 

54 

1 70 

101 


, , 


U. 

Sheep folded 

19 

23 

23 

, , 

; . • 


15. 

Poudrctto 

28 

1 30 

20 

1 . . 



16. 

Safflower cake 

42 

i 35 

25 

a 

, 20 


17, 

Nitre 

11 

9 

157 

, , 

1 


18. 

Cotton seed after plant- 








ation 

4 

2 

, , 

, . 

. . 


19. 

Safflower ,, 

3 

2 

42 

, , 



22. 

Cowdung ,, 

3 

1 2 

10 

. . 



23. 

Earth pulverized 

4 

i ^ 

, , 

2 

35 


24. 

Ashes of mixed 


I 






branches 

j 30 

i “ 

24 

31 

37 




Total cost of cultivation. 





1905 

1906 

1907 

1008 

1909 




ns. 

ns. 

us. 

ns. 

us. 

1. 

Leaf rab 


39 

27 

34 


! 


Ain ral) 


48 

25 

47 

55 


3. 

Oowdung rab 


76 

35 

35 

50 

33 

4. 

Grass rab 


34 

27 

26 



5. 

Mixed branches ral) 


04 

27 

38 

64 

40 

6. 

Ashes of leaf rab 


43 

28 


.. 

, . 

7. 

,, Covvdung 


87 

36 

51 



8. 

Oowdung ploughed in 


79 

44 

.36 

45 


9. 

Ashes of Ain rab 


, 83 1 

20 

52 


, . 

10. 

Land heated 


04 1 

17 

57 

96 

133 

11. 

No rab 

1 

29 i 

18 

10 

1 

9 

13. 

Fish 


79 ! 

84 

123 1 



14. 

Sheep folded 


44 1 

1 38 

40 ' 



ir». 

Poudrette 


53 

44 

39 



10. 

Safflower cake 


(>7 

50 

42 

00 

20 

17. 

Nitre 


3(3 

21 

181 , 


18 

18. 

Cotton seed after transplant- 



1 




ation 


39 , 

25 

• • 



‘J3. 

Karth pulverized 


28 

16 

30 

28 

35 

24. 

Ashes of mixed branches 

•• 

GO ! 

! 28 

! 

41 

jO 

37 

1 


We expected variations of one thing at a time in the 
various similar plots, but we cannot but be surprised to 
see .the number of simultaneous variations in the course 
of the experiments, the duplicate plots being often treated 
differently, so that nothing but varying results must 
follow. After reviewing the work done in these rabing 
experiments we needs must ask: — “ Is this Science? ” 

We started with the question “ What does the 
ethciency of rab depend upon and the Reports before 
us give no answer. We have yet to learn (1) Is it from 
the heating of the soil alone ? We are inclined to think 
not. 

This also raises the question of the amount of heat 
required. 




(2) The question as to what rabs are most beneficial 
has not yet received a definite reply based upon the 
trials before us. No doubt cowdimg rabing is the best : 
whether on account of the more gradual heating or 
perhaps on account of the smell generated driving away 
the effects of the overconcentration of effluvia in the 
soil, who can tell V 

If it is a question merely of chemical analysis Pusa 
ought to answer it without delay. 

(3) The third query still remains a puzzle the 
more so as the term substitute is not defined. We know 
Irom practical experience that rice is grown without 
rabing, manured in many ways, and not treated at all, 
but if we wish to ascertain what returns the best harvest 
at the least expense, without harming the soil, we are 
inclined to follow the practice of the peasants notwith- 
standing the hopeless indecision in which these experi- 
ments leave us. 

' (4) The fourth question receives its reply the 
moment we know how to answer No. 8. If rabing is 
necessary (and even this word seems to require defining 
if we are to judge from the reports) no after-treatment 
will secure the same effects as rab. 

We are not much enlightened on this point from 
the records of the years 1905 to 1909. 

Throughout these experiments there is only one 
case in which a complete manure was used, but on what 
principle the quantities of the ingredients were chosen 
cannot be ascertained. A similar complete manure was 
employed on the field following cowdung rab on the 
seed bed, but we are not told what the component parts 
were, nor the quantities used of each. 
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Whatever experiments may be couducted in fatui<' 
an end must be put to the senseless waste in raising 
seedlings. 

The agricultural student rushes to the study of so 
interesting a puzzle, goes thoroughly into the maze of 
contradictory results from extraordinary experiments, 
and emerges not a whit the wiser, but certainly astounded 
at what is placed before him as a scientific study of a 
most important subject. 

Another point that to agricultural reformers is a 
veritable red rag to a bull is the Indian plough. On 
this subject Mr. C. B. Clarke says : — “ A favourite pro- 
posal is to give the Bengali an English plough, which 
shall go deeper than the native cultivator’s and bring up 
fresh soil. I pass by the practical difficulty that, in none 
of the terraced fields and in none of the small fields, 
without a revolution in boundaries and customs, could 
such a plough be used. The plough is the most perfect 
implement yet devised for setting in creeping grasses, as 
couch ; it cuts the creeping rhizome into convenient 
lengths and by the turn-over buries the fragments deep 

Now, in India, we have not one or two, but many 

creeping grasses to contend with. The safety of the 
Bengali cultivator is that he has a hardpan, impervious 
to creeping grasses, which his plough travels upon, but 
never has broken. He gets the creeping grasses well 
out of the top 4 — 0 inches of his soil and has a full crop 
on his shallow tilth if the water is right. I may add 
that, if a Bengal field was ploughed with an Engli'^h 
plough just before dibbling, I doubt whether the riee 

would get a firm enough hold I concluded ui.v 

first (1868) paper on rice by saying that I did not think 
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we had much to teach the Bengalis in rice-growing, and 
this statement did not, I fear, conduce to the popularity 
of that paper.*’ 

Mr. Clarke’s statement is identical with that of Dr. 
Voelcker, when lie referred to Indian agriculture in gen- 
eral, and every one who has spent some time in studying 
the Indian peasant’s system of agriculture, considering 
the means at the raiyat’s disposal, must agree that he is 
perhaps the best farmer in the world. Every unpre- 
judiced student will be inclined to agree with Mr. Clarke 
in his view “ that rice is the very last crop on which we 
should attempt to give the Bengali instruction.” What 
the native of India wants is not instruction in tillage. 
He cannot obtain a sufiticient supply of natural manures, 
and he must have before his eyes experiments with 
artificial fertilizers. 

It must be explained to him that the plant takes 
certain substances from the soil and these can be 
returned to the land by the nitrate of potash, oilcakes 
and bone, he can obtain in India and from potash salts 
which unfortunately are not obtainable in the country 
but can be supplied by Germany, the source from which 
th(3 rest of the civilized world procures it in inexhaustible 
quantities. 


Professor Church’s 
follows : — 

analysis 

of cleaned rice 

is as 

Water 

... 12-8 

Oil 

0-0 

Albumenoids 

... 7-8 

Fibre 

0-4 

Starch 

... 78-8 

Ash 

0-6 


Of the ash, 0*065 is potash and 0*284 phosphoric 
^cid. Of course more potash will be found in the husk 
and a great deal in the straw. 

20 



According to Payen’s analysis of dried rice, it con- 
tains ; — 


Nitrogenous matter 

... 7-5.5 

Carbohydrates 

... 90-75 

Fat 

... 0-8 

Mineral matter 

... 0-9 


Wo see the V(U*y great (quantity of carbohydrates in 
the grain and know how necessary potash is to produce 
these, and judging from the straw of other cereals which 
take about lbs. of potash per acre in the case of wheat 
and 170 lbs. in the case of maize or Indian corn, we can 
judge that a fair supply of potash will greatly strengthen 
the standing crop and the phosphoric acid with the help 
of nitrogen will produce a plentiful supply of grain, 
liesembling the potato in its analysis, it is evident the 
• use of potash in the paddy-fields will prove beneficinl 
and pay the raiyat for its use. 

The addition of 1 to 1.? cwt. of bone and L] cwt. 
kainit to the ordinary 4 or 5 tons of cattle manure on 
well-cultivated wet lands has produced bumper crops in 
Southern India, and on dry lands a mixture of 1 cwt. 
bone and 1 cwt. kainit has proved equally successful 
and astonished the surrounding farmers by the weight 
and the excellence of the crops. 

Where cattle manure cannot be obtained 
8 to 5 cwts. of ground nut or castor cake meai 
i cwt. of bone and 
1 to *2 cwts. of kainit 

should be employed, carefully mixed, and spread even y 
over the field after the grasses have rotted, and the retiu n 
will be so great as not meiely to pay for the cost of 
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manures, but there will be an extra profit in the first 
harvest, and, where ragi or a similar crop immediately 
follows, no further manuring will be required to secure 
aaother splendid return. When the day arrives that 
])addy and other cereals are manured all over India a 
great deal more will be obtained per acre than the one 
extra bushel that will pay the country's taxes. 




COTTON. 


There is nothing new under the sun. The trite 
old saying is brought forcibly to mind in perusing Wal- 
ton's “ Short History of Cotton, its Culture, Trade and 
Manufacture in the Belgaum and Kaladgi Districts of the 
Bombay Presidency,” written for the “ Bombay Gazet- 
teer ” and printed at the Government Press in 1880. 

As far back as 1820 the Statistical Reporter to 
Government recommended the cultivation of Bourbon 
cotton which was then actually being grown to a small 
extent. In 1828, Lord Ellenborough represented to the 
Bast India Company the importance of improving the 
cotton in the Southern Mahratta country, and in 1829, 
experiments were conducted by Dr. Lush to obtain (1) a 
better variety of cotton, (2) to introduce better systems 
of cultivation and (3) improvements in ginning and 
preparing the lint for the European markets. 

It is not surprising that the report w^as a record of 
failure. 

In 1835, a fresh supply of seeds of various exotic 
varieties was imported, and in 1840, three American 
Planters arrived in Bombay to superintend the work of 
cotton improvement. They and their successors tried 
hard to induce the kunbis to make experiments with 
these exotics. The results were far from encouraging. 
Against a yield of 148 lbs. of Nurmah cleaned cotton per 
acre, Georgia produced 88 lbs., Sea Island 57 lbs., and 
Bourbon 36 lbs. on a small area. In 1848-49, the raiyats 
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stated tliat their New Orleans plants were “ dead 
sticks,” and would not 3 neld 1 lb. per acre. 

The Dharwar area, more suitable perhaps for grow- 
ing this particular cotton, showed results still visible in 
the “ sawgin ” as the Dharwar-American cotton is called 
to the present day. But in Belgauiii, the succession of 
failures and steady decline of acreage of exotic cotton is 
marked from 1810 to 1800. 

While these experiments were in progress, we learn 
“ that the Manchester Commercial Association had been 
repeatedly urging on the Directors of the HonorabU; 
East India Company their view regarding the improve- 
ment of cotton in India, and the Flonorable court had 
sent their repiesentations out to the Bombay Govern- 
ment from time to time for action to be taken on the 
advice protlered. One subject that the Association 
persistently urg(;d, was earlier sowing, and Mr. Chan- 
ning did his best, as he too thenagreed with the Manches- 
ter view, to get the raiyats to sow sooner ; he, how^ever, 
failed to get them to agree, and subsequent long and 
large experience has amply proved that the farmer knew 
what he was about, and that his time for cotton-planting 
in the Kaladgi and Belgam country was right, and that 
the Manchester Commercial Association and Mr. Chan- 
ning was wrong, etc.” 

The over-zealous advocates of improvement in 
Indian Agriculture fall into a very common error bv 
supposing that what is good for the West is equally 
good for India. When we think of the Duke of Buck- 
ingham’s idea of draining the paddy fields, we fancy the 
boundary of absurdity has been reached, but the volume 
before us points to advice more glaringly absurd. Pain- 
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fill as it is to stumble along the pages of this remarkably 
tiiesome work, the ijmsdma verba of the author will 
demonstrate only too clearly the absurd lengths to which 
reformers will go in their zeal for change. The 
American Planters appeared to share the views of the 
Manchester Commercial Association, and the remarks on 
this subject on page 98 are worth perusal. Th(iy run : — 
“ Another (piestion which was very often urged by the 
American Planters, and which has been still more 
strongly recommend(‘d by many outsiders since, is ‘ early 
sowing’ : it is being repeatedly represented that the 
Helgaum and Kaladgi farmer does not plant his cotton 
soon (uiough, and that consequently his growing crop 
has many moi’t' trying circumstances of climatci to 
contend against, than if he put the seed in sooner ; as a 
matter of fact no fixed rules on this subject can possibly 
be made, the correct time for sowing in each district be- 
ing so entirely regulated by the rainfall of that locality; 
no cotton seed can be successfully sown until a certain 
fjuantity of rain has fallen, and has brought the soil into 
its proper condition for germinating the seed; this 
essential condition of the earth is much bettor understood 
by the farmer than by any foreigner.*’ 

Mr. Walton evidently knew more about the wisdom 
of the native farmer in choosing his sowing time than all 
tne Americans and “ outsiders ”, who (mdeavoured to 
l^ive what they considered beneficial advice to the back- 
vrard Indian kunbi. 

Science is admirable and its dictates should be 
followed; but true agricultural science depends, to a 
great extent, on experience and the native raiyat has 
behind him the experience of countless ages. 
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In this volume we find the soundest advice to 
Government, couched often in the bluntest form, emana- 
ting, not from what now would be called the Department 
of Agriculture, but from those who knew the people and 
their ways, and made a lifelong study of those whose 
welfare liad been entrusted to them, viz., the Civil 
Servants of tlie country. In reply to the ‘ early sowers’ 
Mr. Seton-Kerr, Collector of ]3oinbay, wrote in 1850 : — 
“ Early planting from the middle of April to the end of 
May, I need hardly tell you, has never been tried ; those 
months, in the cotton plains, are perhaps the hottest of 
the year, and the seed might as well be put into an oven 
as into the ground at that time.” But the reformers 
were not satisfied. The Bombay Chamber of Commerce 
advised pt3opl(^ to sow cotton in May and November, and 
it was in reply to this advertisement that in 18()0 
Mr. Mansfield, who had long known the Kanarese 
country, told Government that all persons who followed 
the advice given above would lose both their seed and their 
labour, as “ the soil in the month of May is very like cinders 
heated to a temperature of one hundred and fifty de- 
grees ; the soil continues in this heated state till the 
middle or end of June, when the seed if not turned into 
cinders or deprived of all germinating power, is reduced 
to a state of rottenness by the torrents of rain at the 
first burst of the monsoon : if sowing, again, is delayed 
till November, the cotton has not time to ripen before 
the fierce heat of the sun forces the bolls to open pre- 
maturely etc.” 

Similar wise advice reaches the ears of the astound- 
ed raiyat at the present day, but seldom does he hear of 
what he really wants, apd that is a manure that will tab 
the place of cowdung,' which he cannot get in sufficient 
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(jiiantities. It is rather startling to find in the volume 
Ix^fore us the following lines : — Manure is freely used, 
but it is not put on the land when cotton is to be sown. 
Th(} raiyat says tliat fresh manure heats the soil too 
much for this crop, and it is therefore put on in the year 
preceding that in which he intends to plant cotton, the 
quantity then used being from three to six cartloads an 
acre ; the ordinary village manure consists of the dung 
and litter of cattle, decayed vegetable matter, fallen 
leaves, sweepings, ashes, etc., of houses ; all these are care- 
fully gathered and added to the laiyat’s manure heap, 
and by the time it is n'ady to be carted out, it is in a 
pulverised slate and readily amalgamates with the soil.” 

How 3 or 4 cartloads of such manure can be said to 
be a free use of manure^ for two crops, it is difficult to 
understand ; yet, throughout the numberless cotton ex- 
periments, no hint is given of an attempt at improvement 
in fertilizing either with natural or artificial manures. 

Another very weak point in these experiments, and 
one on which too much stress cannot be laid, was already 
then discovered and brought to the notice of Govern- 
ment. “ A leading officer of Government in the 
Bombay Southern Districts, Mr. Townshend who took 
much interest in the Belgaum experiments, expressed 
his disapproval of attempting to improve cultivation by 
Government Farms, the weak part of the arrangement 
being, in Mr. Townshend’s opinion that it merely show- 
ed the people that a certain plant could be grown in the 
country, but did not let them know what it cost to 
produce it, and that Government Farms were managed 
on a scale of ej^pense that it was useless to expect that 
the raiyat would emulate, and that unless you could 
show the Indian farmer (and of this Mr. Townshend 
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saw no hope) that it would pay him to take up a culturt^ 
tliat was successfully cari-ied out under Government 
management, the large outlay expended on the experi* 
mental farms, was only so much money thrown away, ” 
Without going as far as Mr. Towrishond in his wholesale 
condemnation of Government J^'arms, it must be conceded 
that there is a great deal of truth in his statements, and 
that it is necessary at tin; present day to point out t(t 
Government the limitations of these institutions as ii 
was in Afr. 'rownsluMul’s time. Whether the piesent 
authorities would, like Lord Falkland, agree with Mr. 
Townshend's vi(iws and style the (Commissioner’s repre- 
sentation “a very scmsihle letter,’* is doubtful, though 
the arguments are as lorcible to-day and as dilticult to 
refute as in the days goiui by. 

And h(‘re we may mention that the object of 
instituting demonstration farms doc’s not appear to he 
remembercul in India. hiVcm those who conduct them 
seem to confound the end in view with that of experi- 
mental stations. The latter are to be found all over 
Furope, sometimes combined with practical field work 
to show that the results of patient observation and study 
can be made to pay the farmer. But experimental work 
is meant for Colleges and Institutes whose aim is to 
settle fundamental principles of whichthey are in search. 
This means that men specially selected for such 
investigations pati(mtly amass facts and figures for years, 
from which to deduce later on general rules applicable 
to the science of farming. Demonstration farms, how- 
ever, merely put into practice what these experimental 
farms have discovered after toilsome research, and, at 
the same time, make detailed investigations suited to the 
particular localiites in Which they are situated. 
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They must be practical farms, where cultivators are 
«hown not merely what crops are grown, but principally 
huw these are made to pay. 

A famous American agriculturist, speaking on the 
point last year, said that the demonstration farm that 
(lid not pay should be closed at once. 

A great many will agree with his opinion. 

The Manchester (hiaiuber of Couimei-ce in ISh) 
j)resented “a long memorial to I'arliament urging on 
the Imperial Legislature that an inquiry should be made 
under tlu* orders and at the (^xp(‘ns(‘ of the British 
(iovernment, into the causes of th(' unsatisfactory condi- 
tion of the cotton trade and the tiieasuivs that should be 
adopted to inciauise and i]nprov(^ tln^ sam(‘.” Tlu; !ious(' 
refused the inquiry and tin* (Jhamber sent out a special 
agent of their own in iHdO. Of course, tlui a'.;<'nt knew 
more about India and tin*, cotton -growing districts than 
tlu^ nnm who lived on the spot, and gave the greatei' 
part of their lives to tin* study of tlie people and their 
wants. Tin* reply of tln^ tln*n Collector, Mr. Havelock, 
to Mr. A. Mackay. Special Commissioner of the 
Manchest(‘r Chamber of Coinnerco, is interesting reading 
even in 1911. Mr. Havelock made some very apposite 
rcunarks on the adver.se criticisms that had been made 
i>y Mr. Mackay, criticisms which were so common from 
other writers with an imperfect knowledge of their 
subjcict, on the system of native agriculture, and truthful- 
ly added that if Phiropeans came to cultivate farms in 
India, experience would so()n make them discard many 
of their ideas in favour of local methods. The Collec- 
tor’s remarks were based on not only what he himself 
Ivad observed bub also on conversations he had had with 
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some of the American Planters who had been sent 
specially to India to improve cotton culture, and these 
latter gentlemen frankly admitted that there was much 
in the native system of farming to admire, and that it 
was well adapted to the circumstances of India. 

The truth of this has been repeatedly shown since. 
In fact, the only experiments that have proved success- 
ful are those in which the ground work has been on 
the native plan, developed and improved by European 
knowledge, zeal, and energy. 

It is wonderful how history repeats itself. The 
present time is not the first in which the weighty ques- 
tion was argued as to whether it would pay Europeans 
to grow cotton in India. The question is a vexed one. 
It is quite possible that, following the native methods, 
but using a sulhciency of cattle manure and concentrated 
fertilizers, the crop may be so far increased as to pay 
well, and that a good selection of seed, followed by care- 
ful picking, ginning and packing, may so increase the 
outturn and the value of cotton as to make such 
agriculture in India a profitable concern, but a study of 
former attempts and failures would be an absolutely 
necessary prologue to the embarkation on sucha venture. 
“During the time that Sir J. K. Carnac was Governor 
of Bombay,” says Walton, “the question was started as 
to whether cotton culture could be carried out on a large 
and successful scale by Europeans in India; the subject 
was much discussed and His Excellency records the 
following opinion : — “ Cotton culture holds out no iu- 
ducement for anv private person, who knows what he is 
about, to engage his capital in any speculation on a large 
scale ; all cotton and experimental establishments have 
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clearly and repeatedly shown that Europeans could never 
compete in economy, or in gaining compensating results, 
with the farming of the raiyats; generally speaking all 
work in the Indian farmer’s holding is done by him and 
his family, and their labour is given with all the self-in- 
terest and the constancy of personal concern : it is quite 
as impossible to compete with this, by hired labour, as it 
is for the European himself to do much of the work of a 
farm under the Indian sun, and he winds up with the 
far from optimistic view of Mr. Cassels that “ hired 
labour in India, so far as the labourer is concerned, is a 
contract to do as little work as possible for the highest 
possible w’ages, and colonization for the purpose of actual 
cultivation is a hopeless undertaking. 

Yet even while the above was being written there 
were Europeans making native Jaghirs pay under their 
management, and at the present day in Southern fndia, 
paddy fields appear to be capable of giving Europeans 
a fair living. 

Nowhere within the pages of this treatise do we 
find any attempt made at practical farming, and those 
engaged in the work of endeavouring to improve cotton 
culture appear to have accepted the (30 to 80 lb. crop 
against the American 200 to 800 lb. of lint as one of the 
decrees of fate. Were the question now taken up, the 
possibility of making cotton culture pay might have 
another answer. Since those days, it is true, the 
Agricultural Department has run wildly to the other 
extreme, and one’s hair almost stands on end to find the 
employment of 40 tons of cattle manure, 30 tons of 
poudrette, or 4 tons of superphosphate, on an acre, in a 
land where cattle manure is so scarce, municipalities in 
their infancy, and the price of concentrated fertilizers 
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absolutely prohibitive, when used in quantities unheard 
of in any other part of the world. 

There are other subjects with regard to cotton that 
occupied the minds of men in those days so bent upon 
doing good to the unfortunate peasant, as far as lay in 
their power. The question of irrigation for cotton had 
their attention, and it is one that is now, or was lately, 
being studied in Sind. 

It was the (’ourt of Directors who started this 
enquiry in 1855, and the consensus of opinion appears 
to have been that, on regur (black soil) and on red, 
irrigation invariably resulted in failure or loss. In 1858, 
the matter was referred to the Indian Agricultural and 
Horticultural Society, and their verdict was that “ much 
must depend on the climate and the soil where the 
culture is carried out ; in places where the soil is 
sandy and light, frequent irrigation will probably be 
found necessary for the successful growth of the plant; 
in other places a moderate degree of moisture only, 
while again in otliers, it may not be at all necessary, but 
on the contrary prove hurtful to the plants.” 

Amongst the remarks sent to Government on this 
point, one Deputy Commissioner says : — “ Were artificial 
irrigation advantageous, there is little doubt that we 
should find cotton among the garden products as the 
crop is a very valuable one, and the people are good 
practical agriculturists.” This, of coarse, refers to cotton 
soils so called. Colonel Taylor, a recognised authority^ 
says, however : — “ If cotton was ever planted on shallow, 
stony or sandy soils, during the six months after October, 
a couple of waterings or at the most three, might benefit 
the plants, but that after that it would be hurtful with 
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(wery description of cotton and in every kind of soil and 
in almost any land watering had the effect of weakening 
the fibre, and, keeping the plants greener than nature 
intended, invited the attacks of insects/' Colonel 
Taylor’s views as regards shallow, stony, and sandy soils 
have received support from all parts of India and from 
many eminent officers, amongst whom may be named 
Sir 1). McLeod and Sir K. Temple, both of whom, when 
they wrote, were serving in the Punjab. 

Now that irrigation is being introduced extensively 
into tlie Deccan, that companies have lately boon formed 
for gain by cotton culture, and that Government an* 
pushing the growth of exotics in Sind, it may bo worth 
the while of those inte^^sted to look up the old musty 
records that give the results of the lifelong study of men, 
who certainly cannot be looked upon as fossils, men, who 
had the interests of the country as much at heart as 
those of the present day, and in studying their subject 
never refused to listen to the raiyat, whose practical 
experience is always worth noting. It is in ixiference 
to these records that the following lines occur, which 
look like a severe criti(jue on the doings of the present 
day. “ Useful and valuable as many cotton experiments 
have been it is much to be regretted that more use is not 
made of the valuable experience gained, in reading the 
voluminous and interesting records of these operations 
in not only the Belgaum and Kaladgi ct)untry but 
throughout India generally. It is a pity to see how often 
the commonest laws and principles of nature have been 
ignorantly set on one side and disregarded, and also how 
very often no knowledge appears to be retained — at any 
rate made use of, by experience ; one experimenter has 
gone on after another in the same groove, has committed 
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the same mistakes, has got the same results and announc- 
ed them as new, though if care had been taken to inquire 
what had been done before and examine records, the new 
zealous experimenter would have found that all he was 
doing had been repeatedly done before and that his ex- 
perience was only a repetition of that of his predecessors : 
a timely inquiry into the results, recorded in every Collec- 
tor’s Kacheri, would have shown him all this and have 
probably guided him, so that he would have avoided the 
mistakes that had been made before his time and have 
adopted plans that would have been more in accordance 
with the circumstances of the district where he was 
carrying out his experiments and he might have thus been 
able to record a success, instead of adding another to the 
many failures and disappointments that had gone before.” 

It has been often said, and cannot be too frequently 
repeated, that the proper method of improving the cotton 
of the country has not yet been attempted. It is useless 
to get the raiyat to try experiments. Guarantee him 
against loss and show him that artificial fertilizers can 
take the place ofnaturalmanuresso scarce inthe country : 
prove to him that his indigenous crop can be greatly 
increased; then, if you wish it, show him the benefit of 
selected seeds ; and, finally, when his mind is prepared 
for it from 'die benefits lie has seen in the new manures, 
suggest small trials of exotic cottons. Till this procedure 
is adopted, one failure throws back any chance of im- 
provement for half a century. It is simply astonishing 
that the more gradual and sensible way of improving 
cotton culture has not hitherto been given a fair trial. 

From the following report we can judge that more 
than one year’s trial is necessary before advising the 
raiyat to change the variety of crop he has been accus- 
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tomed to grow. It will also be seen that the peasant is 
alive to his own interests and makes a change in the 
seed and variety ot* cottons grown when he thinks it 
necessary or useful. 

Mr. T. Middleton, B. Sc. (tlien Professor of Agri- 
culture, Baroda C'ollege), as far back as writing 

in the Agricultural Ledger, No. H of that year, says : — • 
“There are certain cottons for which the selection of seed 
seems the only practicable method of improvement ; to 
cross them with other kinds would probably result in 
destruction of their valued properties. Unfortunately, 
selection of seed, although a certain method of improve- 
ment, is a process which only yields appreciable results 
after a more or less lengthy term of years; and, unless 
selection is maintained, the crop will soon deteriorate to 
the same level, It is on this account that selection of 
seed which is almost universal in gardens, is compara- 
tively rare on farms. The farmer chooses good, sound 
and healthy seed but he seldom finds that the careful 
selection which* repays tin* gardener is suited to his 
i)usiness. Tlie raiyat knows that the most carefully 
])icked seed is as nothing to the crop as compared with 
clean soil, or manure, ora good season, and although he 
does select jowari I am afraid it would be difficult to get 
liim to take the small amount of trouble that tlie selection 
of the best cotton seed would render necessai*y. At the 
>aine time there is not much danger that V^ai-adi fir any 
other form of Bengals will invade the cotton plains of 
!h*oach and Surat, for the cultivators know the value of 
dieir plants too well; they do not wish an early variety, 
Old if a stranger appear they will remove it, when weed- 
mg. Even if the ginners purchased ‘ Bengals ’ and mixed 
he seed in ginning the cotton, I do not think that the 
21 



322 


Broach crop would become mixed ; for, if the practice 
became general at the gins, the cultivators woilld then 
begin to select their own seed for sowing. In the districts 
where Goghari is grown the best cultivators do select 
their seed, otherwise they would get it from the gins 
mixed with deshi. They will take the trouble to select 
seed to keep it pure but I question whether they will 
take the trouble to do so for the improvement of an 
unmixed variety.*’ 

No ])etter testimonial can be given to the Indian 
raiyat than this, as to his careful attention to the selection 
of pure seed when it pays him. We can scarcely expect 
of him what we do not demand or expect of the European 
farmer, and, if Government find it the labour of years tf) 
show the smallest success in improving uiiinixed varieties, 
it is surely a little too much to expect from the kunbi. 

Good cultivation and manuring are the best ways at 
his command and he uses these according to his means 
and knowledge. Even business men are in no hurry tc 
undertake tlie selections mentioned, on the mere chance 
of some day having a better ret-urn. We cannot advise 
the peasant to undertake extra labour for a problematical 
small gain. 

All ('ver the country we see clianges made in the 
sort of cotton grown, and though Mr. Middleton points 
out the causes he can scarcely blame the peasant for tlio 
fact. He savs : — “ The raiyat’s sole object is to get a .' 
many rupees for his crop as he can, and he cannot b< 
expected to cultivate a worn out and delicate plant, 
however good the staple, in preference to a hardy species 
that produces a more certain yield. The true remeiiy 
for his so-called ignorant preference for short-staple* i 
cotton, is to provide a* more paying long-staple! variety. 
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But this is just the crux. If Government would 
iHidfirtake to grow cotton on a commercial scale, hybridi- 
zation might be tried to any extent, and paying results 
would receive the intelligent appreciation of the farmers 
around. 

In speaking of acclimatization, he continues : — 
“ Whilst there is little that can be done in the acclimat- 
i/ing of indigenous growths, there is a certain amount 
of scope for the introduction of foreign cottons. Such 
numberless attempts have been made to raise American 
varieties and such numberless failures have been report- 
ed, that one is apt to forget that there have been 
successes. The most notable of these' was in Dharwar, 
but tlie exotic cotton has deteriorated there and is now 
of poor quality. I do not know the district but I cannot 
help thinking that the cause of deterioration is mainly 
neglect, and that, if the stock liad been as carefully 
nursed in India as it is in America, there would liave 
b(Mm no complaints of the Dharwai* cotton of to-day. ’* 

Yes, the point to be considered is careful nursing. 
When we compare the sums spent on manures in 
America we may well speak of caiad’ul nursing, and lose 
all thought of wondering at the. diri’erence in yield of 
tj\(‘ two countries. 

It this variety could not stand a heavy rainfall when 
/ 'Ung, who is to guarantee the laiyat against loss in 
trying to grow it *? Though it was successful in Dhar- 
^v;u* it was a hopeless failure in tlie adjoining Kaladgi 
'-'Mintry. It is right and propet for (lovernirient and 
'scientists to give time, attention, and money to the 
"tudy of exotics, but the Indian farmer cannot afford it, 

his so-called ignorance is notiiing but shrewd 
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common sense. He has very good reasons for growing 
a short staple crop, that, as a rule, pays him in years cf 
ordinary raintall, and he does not think it wise t^) 
gamble on long staple species where climate, soil, and, 
worst of all, rain, may prove so many chances against 
him. 

In this connection the following interesting note 
from Mr. Jaysukhrai Mangalji Vaishnav, D. Ag. Assist- 
ant Director of Agriculture, Junagadh, is worth atten- 
tion, and instructions have been issued to study the 
subject of rotati(jn to wliich reference is made. 

Note ok the Indigenous Cottons grown 

IN THE St.vtk. 

The variety of cotton, wJiich Inis ri'placed Kala and 
Lalio in nearly the whol(‘. State except in that portion 
called the (Ihed, is Mathio, which is most probably tin' 
same as Kanio. 

Tlie word ‘ Matliio,’ is probably derived from 
‘ Math a species of pulse (phascolus aeonitifolius) tlv- 
leaves of which closely resemble the cotton. 

It is also called ‘ Satio ’ from ‘ Sati,’ a thin cam*; 
as the plant grows up straight without sending o it 
branches of any length, its other name is ‘ Divalio ’ :i- 
it ripens at the time of the Divali holidays. 

A variety of this cotton has white flowers, and 
hence receives the name of * Dholifuli ’ or the whicc 
flower. 

As the cotton, after flowering for the first time, h 
other flowers fortnightly during the season, it is ai ’ 
called ‘ Arthio ’ from ‘ Aradi ’ which means half, and tim 
name implies that if flowers every half month. 
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These various names would lead one to think that 
many varieties were grown, but it is one and the same 
species under different names in various mahals. 

About Keshod it is called ' Afar from ‘ a ’ not and 
‘ far ’ to change — i.e, a sure crop is expected. 

Kala or Dhumbad is a deshi Kapas, which, as far 
as I know, is the old Dhollera deteriorated. I’he bolls 
of this plant do not open and this led to a great 
industry amongst those who ginned by hand in the 
(lays before machinery ; for the ginners were those who 
drew the lint from the capsules. 

‘ Lalio,’ a name derived probably from tlie fact 
that the cotton appears to pour out from the boll, is 
now very scarce. 

Attempts will be made to put a larger area under 
this species. 

‘ Kadayo ’ is a variety of American cotton, formerly 
tlie princi])al crop in the Gir districts. Tt has a some- 
what broader and less divided leaf with black seeds. 

These are however distinguishable from the Kala 
in that they have no velvet on them. Kala and Kadayo 
u-{|uire heavy rains. Kala ripens late ; Kadayo, much 
‘S<)(jner. The after effects on the succeeding crops are 
<|uite different. While Kala or Dhumbad and Lalio 
^ ' ke a longer time to ripen and are harvested about 
Ihibruary — March, the Mathio or Kanyo Kapas is 
ady for gathering after Divali. Hence, the absence of 
late rains diminishes the yield of the former but has 
hule effect on the latter. 



Notwithstanding the difference in price this fuel 
has led the cultivators to introduce the latter variety. 

The majority of farmers, especially those to tlie 
South of Bagadu and Ajat, are now inclined to revert 
once more to the cultivation of Kala as the yield from 
the Kanyo is diminishing year by year and the c.u’eal 
crops that follow the latter in rotation, especially bajro, 
are very poor, that is to say, the halms grow well, but 
little grain is produced, while such was not the case 
after Kala or Lalio. 

As tile (^.pinion of the Khedouts is diametrically op- 
posite in different mahals tlie important subject of 
rotation requires careful study by this department.” 

Mr. Moilison, M.U.A.C., then Superintendent of 
Farms, J3ombay Presidency, in Ihs Annual Report of 
the Government Farm at Poona, for the year ending 
81st Marcli, 1894, writes: — “Besides the effect of hy- 
bridization, there are other controlling influences whicli 
tend to make the cotton of one district superior or inferi(n’ 
to that of another. Soil, climate, good or bad cultiva- 
tion, each exercises a material effect. At the same time 
I am convinced that any attempt to supplant an inferior 
variety, indigenous to a district, by the introduction ol 
a superior variety, indigenous to another district, would 
prohablv fail. The cotton soils of Khandesh and Surat 
are not unlike. The cultivation is about equal in each 
district. A discredited short- stapled variety (Varadi) i*’ 
the chief crop of Khandesh ; whilst the cotton of Surat i’ 
one of the finest long-stapled varieties cultivated in Iiul* 

I believe tliat neither of these cottons could with adva :- 
tage be interchanged betw’een districts. The rcsul 
obtained in growing Surat cotton (Broach Deshi) on tij 
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Poona Farm exe^nplify how stubbornly cotton lend^ 
itself to any chapge. The out-turn of lint was (juite 
satisfactory ; the length of staple also was good ; but 
the fibre compared with that grown in Surat was 
coarse and harsh.” 

Some further light is thrown upon the subject in 
the Annual Report of the Deputy Director of Agriculture 
for the year ending 3ist March, 1904. Two paragVaplis 
require the careful attention of all interested in the 
improvement of cotton. They run: — “ Many atrempts 
have from time to time been made in this connection, 
but in no case can success be said to have been attained. 
The case of Dharwar (or saw'-giniied) American, intro- 
duced from America about A. 1). 1820 is, thougli still 
grown as a field crop, no exception, since the quality of 
the fibre has so deteriorated as to command in the 
market a price no higher than tliat of the local indigen- 
ous variety (Kumpta). It may be of interest, in view of 
so many applications received by me for seed of foreign 
varieties, to point out as for as possible the cause or 
causes of the failures ; one cause is undoubtedly that in 
most cases the introduced variety has received the same 
trea^inent in cultivation as the indigenous variety 
grown in the district into which the introduction has 
taken place. It must be said, however, tliat this factor 
was probably not the predominant one in causing failure. 

Without doubt the chief cause of failure is and 
always has been the difference in the amount or distri- 
bution of the rainfall in the regions from and to which, 
lespectively, the introduction took place. Taking the 
' ase of introduced American varieties we know that in 
America the crop has been grown (without irrigation) 
for at least six months of its period of growth under a 
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uniforai rainfall of 4 to 6 inches per month. In Egypt 
practically the same amount of water is supplied in the 
form of two waterings per month, given from irrigation 
canals. It cannot therefore be expected that crops from 
these countries would succeed, even were all other 
conditions the same, in a district, such as that where 
the whole of the rainfall of the year (42 inches) falls in 
about^ 3.J montlis. It is worthy of note that the only 
district of this Presidency (I)harwar), where the Ameri- 
can variety has beer acclimatized at all is that in which 
the rainfall appi’oaches more nearly in distribution to 
that of the cotton belt of America: — Dharwar has a 
rainfall of 33 inches distributed fairly evenly over 
months (April to October) etc.” 

At ilanipettai, N. Arcot District, where, owing to 
the sandy nature of the soil watering was a necessity, 
MetalVili produced seed cotton in tlie plot experiments 
at the rate of 1000 lbs. per acre, and tree cottons, such 
as Thoniatis, reached a height of six feet in well-bran- 
ched bushes by tlie end of six months, flowering well 
and producing bolls. They were attacked by red bug, 
which are easy to get rid of when they first appear. If 
a little kerosine oil is placed in a can, and the branches 
tapped gently, the bugs fall into the oil and are killed. 
Tliis d(me in the first week of their appearance puts an 
end to th(i pest. 

In tlie village of Khadia, eight miles from Junagadli. 
in Kathiawar, watered Metaflifi produced over 1000 IK- 
of seed cotton per acre on a sandy loam. 

So far Egyptian cotton has not been tried on 
commercial scale. The results of the experiments in 
Sind are not encouraging. In the Annual Eeport of the 
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Agricultural Department, the stations outside Mirpurkhas 
and Doulatpur report (page 4 ‘ Egyptian cotton on the 
Jaiiirao’) ; — ‘'In 1908, 4,000 acres of Egyptian cotton were 
iiown in the Jamrao. It was mostly Abassi with some 
Mitaffifi in Singhor and Jaraesabad. The crop on the 
whole was very poor. It could not be sown in proper time 
IIS the water-supply in the canal was deticient. It suffer- 
ed much also in common with other crops from flooding 
in some districts. The cultivation too was poor and 
tliere was ])robably not more than 1,500 acres of cotton 
which could be said to be at all good. 4,000 maunds of 
cotton were sent to be disposed of at the auction at 
Alirpurkhas but owing to the quality of the cotton it 
had to be sold privately at Rs. 9 for Abassi and Rs. G for 
Mitaliifi per maund of <sl lbs.” 

The to Iw D. obtained is far enough removed 
from the 5^ D. per lb. and the Rs. 225 per acre of 
Kgypt. Of this exotic the Director-General of Agricul- 
ture writes ; — ” If Egyptian cotton is introduced as an 
irrigated crop into the Bombay Pres dency it must of 
necessity occupy land that is suitable for irrigation. 
The texture of the soil in a great measure determines 
this. On land suitable for irrigation with irrigation facili- 
t!f‘S expensively cultivated and valuable crops now grow, 
‘^iich crops under favourable conditions are taken in 
nipid succession, two at lefUl per annum, the annual 
produce at a moderate estimate being worth Rs. 300 
p'U- acre and often a great deal more. The idea of 
growing Egyptian crops on the deep black cotton soils 
' i Broach or Surat is impracticable, inasmuch as such 
hold is unsuitable for irrigation. There are lighter 
■ ')il areas in Dharwar and Khandesh now growing cotton 
a staple crop which with facilities for irrigation 
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and a sufticient supply of manure could be irrigated to 
advantage. The cultivation of Egyptian cotton on such 
areas would no doubt be taken up by ordinary cultivators 
(a) if it was certain that the cultivation of this exotic 
was free from risk, (b) if the out-turn under favourable 
conditions was worth as much as or more than that of 
such ordinaiy garden crops, as onions, ginger, turmeric, 
sweet potatoes, yams, etc.” 

1^11(3 old records liad not been referred to, and 
tlie new rulers knew not Mollison and certainly did not 
heed his eounsi^ls. Eut, before troubling about exotic 
cotton, let us s('e if a paying crop can bo obtained from 
indigenous cottons, when complete well-balanced fertili- 
zers an; used. If this can be done, the raiyat will soon 
follow the example given, and, in course of time, will 
see his way to try, on a small scale, experiments with 
exotics that may possibly pay him. No doubt the 
reports of what is obtainable from long-stapled cotton 
are tempting, and we do not wonder that trials were 
made to grow Egyptian cotton, wlien wo find in tlu; 
Eeport of the Director of Agriculture for 1897 : — •“ Mr- 
Tata points out in his pamphlet that the average out-turn 
of clean cotton per acre in the most favoured district, 
Broach, is not more than 100 lbs. per acre, estimated to 
be woi’th in English currency 3} d. pt;r lb. He estimates 
tin; average out-turn in J#pt to be 1)00 lbs. per acre 
and on account of the fine (juality the lint is held to br 
worth 0 .]^. per lb. In Indian currency, at the present 
rate of exchange, the Egyptian out-turn is equivalent 
to Bs. 2*25 per acre.” 

It is a glorious outlook, and we may devoutly hop^ 
that some such profits will become general in Indm 
But we must first know something more of climate. 
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soil, rainf^,ll, tillage, manures, etc., that will bring about 
this happy state of affairs. In the meantime a little 
attention to manuring may bring our indigenous har- 
vests to figures not far removed from the .Egyptian 
standard. But to accomplish this, fertilizing will have 
to be resorted to. You cannot expect to get everything 
for four annas. As a rule you will get only four annas’ 
worth. 

liich as the soil of Egypt has ])ecome ])y the silt 
deposited from the overflow of the Nile during centuries, 
till the alluvium is anything between 55 and 100 ft. in 
depth, it has already been found that the canal system, 
allowing of tiie growth of crops all the year round, has 
so depleted the soil that artificial manuring must be 
resorted to. 

That drainage on a larger scale must accompany 
irrigation is also only too clearly shown by the large 
tracts on the lowest part of the Delta being converted 
into swampy uncultivable salt marshes. 

The yield of cotton per acre is going down rapidly : 
whereas 

in 1SU5 — 18V37 the average yield was 500 lbs. per acre. 

„ 1808 -1000 „ „ „ 150 „ 

„ 1001—1003 „ „ „ 155 „ 

,, 1001 — lOOd it was 385 ,, 

In 1007 the total yield was 315,000 tons or 
1,7()4,000 bales of 400 lbs. each. 

At this rate of deterioration, if a check is not put to 
it, the average will soon fall below America, and in a 
^jingle lifetime perhaps sink to the level of an Indian 
cotton harvest. 
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The chief causes to which this is put down are : — 

(1) Overcropping. 

(2) Deterioration in quality of seed. 

(3) Insiifhcient drainage. 

(4) Want of Manuring. 

The Americans have to spend money to make 
money, and they have tlu^ sense to do it. With gooci 
manuring and carefully selected seeds, well-cultivated 
areas have productnl oOO to HOO lbs. of lint in the United 
States, though the av(u-age for the whole country is 
about 200 lbs. Resort is now had to heavy manuring 
to obtain good crops, and special fertilizers are used to 
hasten maturity and thus shorten the growing season. 
It may be urged that our peasants are so poor that 
there is no question of purchasing fertilizers. If individ- 
ually the task be found diflicult, combination will soon 
enable them to obtain the help of Agricultural Banks, 
and if Italy appeared in as hopeless a condition of agri- 
cultural insolvency as the India of the present day, theiv 
is no reason why our raiyats should not imitate tht‘ 
action of the Italian peasants, who are now prosperous 
and perhaps the best agriculturists in the world. Any 
way, small experiments can be tried in a number of 
villages, am’ if thesi* prove successful, no further urging 
will be retjuired to set the cultivators on the right road 
to increase returns from their cotton fields to a consider- 
able extent. 

To enable the rai 3 ’at to see what is done in the 
United States of America, the great cotton-producing 
country, an interesting report on the cost per lb. of lii*^ 
to the American farmer is here reproduced. If there is a 
heavy return per acre, there is no slight expenditure ; aim 
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in the matter of fertilizers the peasant here will scarcely 
believe it possible to obtain a profit when so much money 
is put into the soil before the seed has sprouted. But 
this alone will explain how the fanmu- of the United 
States can get a harvest that may not he considered 
anything very great in his country but would bi' a mine 
of wealth to our poor kiinbis, whos(^ wants are so few, 
and whose support costs so little. 

According to the latest (Tovernment returns for the 
year 190^)-U.)10 the acreage under cotton in India was 
‘20,227,000 acres, and tlie estimated crop for an exceeding- 
ly good year 4,020, oOO bales of 400 lbs. each, showing an 
exceptional return of SO o lbs. ])er acre. Against this an 
average of 198 lbs. as shown in the table of tlie (jost of 
raising cotton on ;\ number of Aimudcan farms, points 
practically to the difference, not in climate, soil, tillage 
or labour, but to the want of manuring. Y(4 19S lbs. is 
not a high avc'rage for the States, and tlu'.re is no reason 
wliy, if fertilizers were used in India, the rt4urns should 
not ecjual those of .Vmerica. The gain here would of 
course be far greater, for the nitrate of ])()tash, oilcakes, 
etc., are cheaper, and the cost of labour inlinitely less. 
The kunbi will simply rub his eyes wlum he sees the 
cost of production across tlie Atlantic. It is doubtful if 
he will believe a word of it, but we merely mention well- 
established facts and figures in the fpiotatien from the 
“ Times of India ” of the 27th May, 1909, in the column 
‘ Trade and Finance,’ where the following article on 
the cost of producing cotton appears : — 

“ There has been a great deal of discussion of late in 
the United States about that important and always 
interesting question, what it costs to produce a pound of 
cotton. It is often said that the cost has increased 
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enormously in recent J^ears, and that a price of eleven to 
fifteen cents, (5*28 to 7*20 annas), per pound is necessary 
to remunerate the farmer. 'Farm and Ranch,’ a paper 
publish(‘d at Dallas, Texas, has been printing a volumi- 
nous correspondence on ' What it costs to produce cotton,’ 
contributed by farmers, who have given actual figures 
ahd estimates based on *their own experience. Such 
estimates, arc, of course, likcdy to err, if at all, on the 
high side, and indeed some of the figures given have 
been so obviously exaggerated as to draw protests from 
other farmers. The whole correspondence in nine issues 
of the paper has been carefully analysed by Messrs. A 
Nurdnn and Co., of Kew York, and, excluding only a few 
letters which contained insufficient details, they have 
tabulated and averag(‘d the figures contained in th(‘ ri'- 
maining 45 letters, written by 37 farmers in Texas, four 
in Arkansas, three in Oklahoma, and one in Louisiana. 
The size of the plantations dealt witli ranged from 1 to 
100 acr(‘s, and the aggregate area was 1,153 acres. The 
results of this analysis are so interes'uirig tliat they may 
be reproduced in detail.” 

Messrs. Nordtm say : - 

‘'We have taken everything exactly as given, cor- 
recting onh" some obvious errors, and wherever som«‘ 
one detail was missing we have made full allowance, 
giving tin* producer the benefit of the doubt. To take 
up ilio iti'ins iu detail : Preparation of. the soil, planting 
the seed, and cultivation are exactly given ; the only 
feature to be noted in these items is the fact that iu 
most of the examples practically none of this expens(‘ 
is really an actual cash outlay, but only an allowance oi 
supposititious wages that the farmer makes to himselr 
for the work done by himself, at rates varying from 1 t" 



dollars (Rs. 8 to 9) per day and averaging 1 dollar 70 
conts (Rs. 5-4-0) per day. ‘ Renr. ’ in most cases is 
li; 4 ured at 4 dollai*s (Rs. 12) per acre, some paying only 
d dollars (Rs. 9), while pthers rent on shares of the 
produce, in which case it is considerably higher, con- 
tingent on the outturn of the crop. Where rent is not 
mentioned, the fainner owning- his own land, we have 
charged it at 4 dollars (Hs. 12) pdr acre. ‘ Wear and 
Tear ’ on stock and implements is only included by a 
few, but from these few we gather that 75 cents 
( Rs. 2-4-0) per acre would be a full allowance. To be 
more sure, one man included a three hundred dollar 
pair of mules and several hundred dollars worth of im- 
plements in his estimates of the cost of one crop of 50 
iicrcs, but such figuring is manifestly absurd, as the 
outfit would serve for at least five crops, p')ossibly ten. 
We have figured (»n only five ytuirs’ life*, on such p^ro- 
perty or 20 per cent, annual deterioration. Many have 
emitted to account for the seed, or have given the seed 
to the ginrier to piay for the ginning. In these cases 
we have figured the seed at only 11 dollars (Rs. 88) p;)er 
ton, charging in the ginning column and crediting in 
the seed column. 

To arrive at the item ‘Yield of lint per acre’ 
whenever exact figures have not been given, or th(^ re- 
sult has been stated only in bales or in seed cotton, we 
have taken a most favourable basis, vi/.., one bale to 
^hree acutes, which is rather less than the average 500 
Ihs. per bale, though Texas cotton averages considera])lv 
higher, and the seed cotton to a third itself (lbs. 1,500 
ed cotton equals 1,000 lbs. seed and 500 lbs. lint), 
though it will probably run 87 to 88 per cent. lint. The 
^'-timated net cost of production of one pound of lint in 
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th(!se examples ranj^es from 1*4 cents per lb. to 2*2 
cents per lb. (8*046 pies to 10*704 annas), but neither of 
these extreme results should be taken as a basis. The 
former was the result of an exceptional yield — 658 l])s. 
of lint cotton per acre and accountin^^ for the seed at oQ 
cents per bushel, while the latter was the result of a 
crop failure, 65 lbs. of lint per acre. In the followin^^ 


table we have separated the 

General average of 46 re-) 
ports ...) 

Average of 7 exceptional- j 
ly favourable reports, [ 
figuring l)olow 5 cents j 
per lb. 1 

Average of 32 reports^j 
figuring betw('(‘n 5 cents' 
and 9 cents 

Averages of 6 exceptional- j 
ly unfavourable reports ; 
averaging ov(;r 9 cents) 


r(' ports as follows : — 

Net cost of production. 

7*73 cents per lb. = 3 as. 
pies. 

4*25 cents per lb.= 2 as. 
0.] pies. 

6*82 cents per lb.= 3 a*^. 

3 pies. 

16*01 cents per lb.= 7 as. 
S pies. 


CD 

^ n 

5 ^ 
§ "eg 
O - « 


a ^ 


00 3 s o I 
3 ■ rj i 


I” si-: 


Arn'S niporteci on 

1 1.5S 

:-n4 1 

880 V 1 

241 


Dollars. 

per 1 

Acre. ! 


Prepaiatioii of soil 

1*62 

l-3-t 

1.59 1 

1-7S 

Planting and seeds 

•6.') 

•62 1 

■G7 ■ 

•62 

Cultivation to maturitv . . 

3-4A 

4-09 ! 

2-78 ' 

5 -76 

Ront 

413 

3*46 1 

4-18 1 

4-01 

Wear and Tear 

•75 1 

•75 1 

•75 1 

"Jo 

Total cost to bring one 

1 

1 

; 


aero to maturity 

10-58 1 

1 10-26 j 

9-3r 

i2-8i; 
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O tfl 

<!> H “ ® .« * 

Bf a ^ ^2 1 

, 2 d 43 73 . 

S v; O O 03 ' 

I > 03 a I 
'< 1 


Yield in lint cotton pcc 





acre in lb. 

180 

290 

‘200 

100 


Dollars. 

per 

Acre 


Co^t of lint in fields, Gents 





peril). 

5' 30 

8*54 

4-77 

12*80 

Ginning and hauling per 





lb 

110 

•84 

1*07 

1*44 

Picking per lb. 

2-21 

1-G9 

2*14 

2-27 

Oros!^ cost of lint per lb. . 

8“J1 

0-07 

; 7*93 

17*17 

L.'ss value of seed per 





pound of lint 

1*18 

1-82 

1 1*16 

1*13 

Net cost of lint per lb. . . 

: 7V3 

4-25 

. G*82 

lG-04 

Cost of lint in annas 

3 as. 8^ p. 

*2 as. Oi p. 

. 3 as. 3 p. 

7 as 8 p. 


Wo think that with this elimination of theextieme 
ti‘j;iires on both sides, leaving the average of the 8*2 re- 
plies showing cost of production 6*8*2 cents (8'’278 annas) 
per lb., the result is a very fair represontfition based on 
tlie producers’ own figures of the average cost of produc- 
ing cotton in Texas, though as will be seem by the table, 
this cost depends. principally on the yield per acre. No 
one can figure on the cost of a crop failure, and nothing 
is allowed for personal expenses of the producer and his 
fiiiuily. Obviously, the man who raises a few bales of 
Cotton and nothing else, will have a hard time getting 
along, no matter how high cotton may sell. It is, of 
course, understood that nothing is included in these 
figures for ' fertilizers.’ In the Eastern belt this is a 
>orious addition to the cost, though it is probably com- 
pensated for, to some extent, by increased yield per 
acre. Messrs. Norden also call attention to the publica- 
hon in the * Cotton Trade Journal’ (Savannah) for April, 
of a statement of cost of production said to be made up 
22 
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of figures sent in by Mr. J. M. Barwick, one of the 
leading farmers of the Slarendin Country, South Carolina. 
Adding Rent and Wear and Tear to conform with Messrs. 
Norden’s Texas calculations, Mr. Barwick’s crop figures 
come out as follows — 


Ploughing, putting in fertilizers, etc. 

20 acres ot $8 (=Es. 24) 
Jb'ertilizers 20 acres (<< $25 (=Rs. 75) 
Hoeing 
Rent 

Wear and Tear 

Picking, 85 bales (fn 7*50 (= Hs. 22-8) 
Hauling, ginning, etc. 85 bales @ $2... 
Gross cost of production 
Less seed 

Net cost of production of 35 bales of 
500 lb. each 17,500 lb. 

Cost of 1 lb. 


% 

RS. K. 

160-00 

or 480-U 

500-00 

„ 1,500-0 

30-00 

„ 90-0 

80-00 

„ 240-0 

15-00 

45-0 

262-50 

„ 787-8 

70-00 

„ 210-0 

1117-50 

3,352 -s 

262-50 

„ 787-8 

855-00 

,, 2,5(i5-0 

4*89 cents= 2*847 

annas. 


In the light of these figures it is difficult to accept 
the Southern assurances that the farmers “ will go to the 
poor house on 8 cents (8 annas and 10 pies) cotton ” 
and that they “ must have 10 cents (4 annas 9.J pies) to 
live abovvj want,” unless indeed we interpret ‘ want’ in 
the liberal sense of the economists. 


The first thing that strikes us in India is the cost 
of fertilizers placed at Rs. 75 per acre: then comes the 
rent, Rs. 12, and ploughing and putting in fertilizers 
Rs. 24. The cost of producing 875 lb. of seed cotton per 
acre or roughly 800 lbs. of lint was Rs. 107-10 les-^ 
Rs, 89-6 for seed, amounting to a net cost of Rs. 128-4 
and on this a very good profit was made. 



The «uins expended will appear fabulous to the 
Indian peasant, and are far beyond his present means, 
bat fairly well-to-do landlords will probably endeavour 
to succeed with manures, and in course of time the 
ordinary farmer will follow, even if he has to borrow 
the money: and he will do so the more readily if 
village banks come to his aid. 

From the analysis of the plant and its produce it 
will be easy to ascertain the quantities of the chief 
manures removed from the soil by a crop. An average 
crop takes 5 4 lbs. Nitrogen, 19 lbs. Phosphoric acid and 
40 lbs. Potasn. Tf Nitrate of Potash be used for the 
Nitrogen, it is at once taken up by the crop, and not 
much is required ; but as the danj^er is great of its being 
washed away by the rains, it may be advisable to use 
the ordinary oilcakes of the country, well ground. 
According to Souteiran and Gerardin, til seed contains 
5*57 per cent. Nitrogen, and 10 cwt. of this should be 
sufficient to supply the Nitrogen required per acre. If 
cwt. of Bonemea*! or Basic blag were scattered evenly 
over the field before the first ploughing, there would be 
a sufficiency of phosphoric acid, and a cartload of ashes, 
or 3 cwts. of Kainit, or 1 cwt. of Muriate or Sulphate 
ol Potash, used with the Boneineal or Basic Slag, would 
ha enough for the necessary Potash. 

From experiments made on the peasants’ own 
Tudds at Barsi, in the Deccan, it is evident that fertiliz- 
lug pays, and pays well. 

Worked in the ordinary way, without any interfer- 
■ nee whatever with the Kunbi’s agricultural methods, 
various plots were manured with different fertilizers, 
with the result that, though all were otherwise treated 
alike, the crop was very different. 
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From the unfertilized plot the return was 50 lbs, 
lint ; with 4 tons of cattle manure a similar plot return- 
ed 80 lbs. lint, whilst those treated with roughly ground 
earth nut and til seed cake together with bone and 
potash produced 150 to 200 lbs. of lint. The difference 
in crop could be seen at a glance, and the weighinents, 
taken as the crops matured only confirmed the expecta- 
tions raised from a glance at the fields. Although Ks. 25 
was paid for oil seed cake, Lis. 5 for bonemeal, and lls. 8 
for potash, in the absence of ashes, per acre, the cost of 
fertilizers was about ball the average found in the 
American reports given in the preceding pages. 
other items of expenditure stand no comparison with 
those to which an Indian household is accustomed, and 
there is no doubt that a large increase of wealth is open 
to India if only a proper system of manuring the cotton 
fields is resorted to. 

Taking the lint crop roughly at one-third of the 

lint and seed crop combined, the following are the 

# 

results of the Barsi trials : — 

1. Unmanured ... 50 lb. 

2. ^lanured with 4 tons cattle dung ... 80 ,, 

3. Nitrate of Soda 1 cwt. and superphos- 

])hate 1 cwt. ... 120 ,, 

4. The above and Kainit 1 cwt. ... 150 ,, 

5. Nitrate of Soda 1 cwt. and 2 cwt. 

each Super and Kainit ... 180 ,, 

6. Groundnut cake 2 cwt. and 2 cwt. 

each Super and Kainit ... 200 ,, 

The land had received very little attention for year:, 
and the chief point kept in view' was to, spend as littk* 
money as possible in fertilizing, so that in no case wa- 
there a sufficiency of nitrogen. Where Nitrate of Soda 
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was used much must have been lost during the heavy 
showers that followed after the top dressing, and thus, 
contrary to expectation, the groundnut cake showed 
better results than the Nitrate of Soda, which can be 
(3xplained by the fact that a great part of the latter was 
washed away. The fields treated with artificial fertili- 
zers gave crops far in excess of the cotton-fields in the 
districts around. 

According to reports from the Dapartment of 
Agriculture of the United States, one acre of land pro- 
ducing 800 lb. lint is deprived of the following quantities 
of the chief plant-foods : — 



lb. 

Nitrogen. 

Phosphoric 

Potash. 




acid. 


Lint 

... 800 

0-72 

0-18 

2-22 

Seeds 

... 654 

20-25 

6-66 

7-63 

Pods 

... 404 

4-.')4 

1-14 

12-20 

Leaves 

... 575 

i:4-<)7 

2-57 

G-57 

Stalks 

... C»r)8 

.5 -21 

1-22 

7-74 

Boots 

... 250 

1-63 

0-38 

2-75 

Total 


46-32 

12-15 

89T1 

The lint takes practically nothing from the 

soil, and 


cotton and cotton-fields might be fruitful indefinitely if 
only the seeds could be returned in the sliape of well- 
ground cake, since the oil contains nothing cl importance 
to the growth of the plant which cannot be supplied in 
large quantities by the soil. 

In America practical experience points to the 
benefit derived from heavy phosphatic manuring, though 
the chemical analysis shows so little phosphoric acid 
taken from the soil. Though a crop of 300 lb. of lint 
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removes from 13 to 20 lbs. phosphoric acid off the land 
it is coustomary in the United States to add to the 
Nitrogenous and Potassic fertilizers no less than 600 lb. 
of superphosphate, containing about 80 11). of phosphoric 
acid. Prom practical experiments on the cotton farm 
at Parhhani I found the cheapest manure to be 2 tons 
of mhowa refuse from the distillery, and that 4 or 5 tons 
of farmyard manure produced excellent returns on poor 
soil. Wishing to increase the percentage of lint which 
in our long staple had sunk to 2()‘2() per cent. I manured 
the farm and elfecied a change to 26 ‘68 in the first year 
and to 28'0 in the second. This was slov/ progress so 
I added 2 cwts. of Basic Slag to mhowa r(3fuse in the 
third year and the lint on ginning proved to be 32‘28 
per cent. I have every hope of raising the percentage* 
far higher by the regular use of phosphatic fertilizers. 
The greater part of the phosphoric acid found in the 
crop settles in the seed, as we see from the analysis of 
the Commissioner of Agriculture, Washington, U. S. A., 
in his report of 1874. According to these, the ash of 


the cotton seed contains per cent : — 

Potash ... 35’44 Soda ... 0*8l 

Magnesia ... 15’06 Lime ... 4’45 

Phosphoric acid ... 30*01 Sulphuric acid ... 3'2*2 

Oxide of I’on ... 1*07 Chlorine .. 0*4U 

Carbonic acid ... 3*46 Sand & charcoal ... 5‘96 


Prom this we see that potash is contained in large 
quantities in the seed, and the fact that Magnesia 
present in as large a quantity as 15 per cent, points to 
the particular form of potash to be used, viz., Kainit. 
which contains sulphate and chloride of magnesia to t};e 
extent of 27 per cent, together ‘w*ith 12*55 to 14 pei 
cent, of potash. 
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It is evident that half the food-stuff taken up by 
the plant finds its way to the seed, and though the lint 
is what is chiefly required in commerce, it is merely a 
protection designed by nature for the seeds to enable 
them to bo more widespread and self-sown, where the 
plant is found in its wild state. 


As is the case wherever manures have been tried, a 
complete manure always proves best in growing cotton, 
and a well-balanced fertilizer will be the cheapest. 

Prom experiments undertaken by J. D. Wood, of 
Hardeman ('ounty, Tennessee, on loam with a stiff clay 
sub-soil, we find the following results : — 


1 . 

2 . 


3. 


(U’op. (Lint and Seed). 


Unmanured .. 
Superphosphate 3001b. | 
Chili Saltpetre 45 lb.[ 
/Superphosphate 300 lb. in 
- Kainit • 242 Ib. ,, 

1 Chili saltpetre 45 lb. ,, 



218 lb. 


cm lb. 


775 lb. 


The unmanured plot gave a return equal to about 
the average of a good year in the Bombay Presidency. 

The difference between an unmanured plot and one 
treated with a complete fertilizer is plainly shown in the 
figures given by W. P. Hodges, Arkansas. 

The unmanured acre produced 100 lb. lint and seed 
per acre, while that manured with : — 


470 lb. cotton seed cake 
600 ,, superphosphate 
480 „ Kainit 

2000 „ lime, produced 1000 lb. do. do. 
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In Drs. Felber and Walfca’s “ Die Kaliduengung in 
den Tropen and Subtropen,” we have an account oi 
experiments with Egyptian cotton, that show only too 
plainly the value of manures, and that the greatest crop 
is obtained I'roiu a complete fertilizer : — 

Lint and seed per acre 


1. Un manured ... .. 78() lb. 

2. 70 lb. Chili saltpetre ... 965 ,, 

3. Guano 5S lb. ... ... 1,032 ,, 

4. Guano 1*21 lb. ,. ... l,-z36 ,, 

5. Chili saltpetre 51 lb. and Muriate 

of Potash 85 lb. ... 1,137 ,, 


Lint and seed per acre. 

(Chili saltpetre 36 lb. j 

6. - Muriate of Potash 90 lb. ‘ ... 1,338 lb. 

I Superphosphate 90 lb. ) 

Here evidently the soil had a sufficiency of nitrogen, 
for in no case was there enough of this plant-food in the 
shape of fertilizers to produce an ordinary, and far to( 
little for a bumper crop. But previous green manuring 
had supplied this. 

In India, on the other hand, an insufficiency in tlu’ 
soil is the rule, and consequently, when quick-acting 
nitrogenous manures are too costly or not available, it 
advisable to raise quick-growing leguminous crops, anr 
to plough them into the soil about flowering time. 

Even with green manuring^ however, caution i^ 
required. Where successes have been shown by variou 
departmental agencies in different provinces of India 
the particular manures for the crops grown may bt 
tried. It is a mistake to think that all plants ploughed 
in green have the like properties of improving tlv 
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cliemical and physical condition of the soil and conse- 
(jiiently experiments should first be made. J. Dumont 
“ Siir la nitrification des engrail verts ” has found that 
with lupins and leguminosai generally there is a more 
rapid utilization of the green manure, especially from 
the point of view of nitrification and that the crucifers as 
green manure turn the phosphoric acid in the soil to 
better account than the leguminoste. 

In these cases it is simply a qiKistion of obtaining 
a better return from different green manures. Few 
think there can b(5 any possibility of harm arising from 
green manuring. To such the report concerning the 
influence of green manuring upon the germination of 
seed (University of Wisconsin, Agricultural Experiment 
Station — January lUi8) will come as a decided surprise. 
“In 1911 a southern student at the Wisconsin Agri- 
cultural College reported the failure of some ten acres 
of cotton to germinate, where it had been sown 
immediately after ploughing under green clover. On 
the other hand, on a similar field planted with the same 
seed, but which had not been green manured, normal 
gerjiiination occurred. Professor Hoffman has accord- 
ingly begun a study of the effect of green manuring 
upon the germination of seeds subsecpiently sown. In 
pot tests in the green-house he has incorporated with 
the soil an amount of green clover corro'iponding to 
that supplied under field conditions, and lias then sown 
various seeds, in all cases sterilizing^ one series of pots, 
while another was allowed to remain in a normal 
condition. 

It has been found that the decomposition of the 
clover somehow affects cotton seed, but does not liave 
my material effect on the germination of corn (maize). 
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wheat and clover. Two expenmente conducted with 
flax have, however, shown a similar detrimental effect 
to that produced on cotton. The results so far secured 
indicate that the decomposition ot green manure results 
in the reduction of the oxygen and an increase in the 
carbon dioxide present in the soil atmo=5phore. It is 
thought tliat this change in gaseous content of the soil 
prevents the germination of the cotton and flax seeds 
which contain a higli percentage of oil, and so require 
more oxygen for germination than such seeds as corn, 
clover, and wh»^at.‘ 

But far more interesting than experiments carried 
out in foreign lands are those we find in India itself in 
the growth of indigenous cotton. 

Owing to the courtesy of the present Director of 
Agriculture, Ihiroda State, Mr. M. A. Sitole, b.a., Bar,-at- 
Law, M.U.A.O., we are enabled to supply a set of 
experiments. The net results compare not unfavour- 
ably with those of the Unite States of America ; and it 
is to be hoped that a continuation of such experiments 
may lead to still better results. If a complete manure 
be taken as a basis in all trials, and duplicate plots be 
used to correct any variation in the soil when final 
compirisons are made, a change in the quantity of the 
plant-foods in turn, only otic being changed in each 
plt;t, will soon lead to a decision as to the most paying 
and cheapest manurtc 

It is a pity similar experiments have not been tried 
in varius parts of the country. If every year such trials 
were made on a fairly large scale in the c.mtres of cotton 
districts, much good would be attained. A comparisot^ 
should be made between the expenditure in raising cO'.- 
ton in the States and that in India. The net profit bv 
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the use of manures will be found to tell in favour of 
India, and especially m the districts where Broach cotton 
grown, immense gains will result. 

When we leave generalizing and come to actual figur- 
es we are overwhelmed with the gain that would accure 
to the country by the use of well-balanced concentrated 
ie3utilizers. Were such manuring general (and the in- 
gredients can all be procured in this country), what 
would be the net profit the Baroda figures show us ? 
l)Ut leaving these aside, if we suppose an average extra 
profit of Bs. 5 per acre, the sum goes into crores of 
rupees for the whole country. 

Such an aim is worth endeavouring to attain, and 
the means are within the resources of the farmers. 

Appended is the Statement showing tlie results 
of the manurial Experiments with Cotton of the Baroda 
Model Farm for 1909-1910.” 

There is a remark against plot 20A which is not 
ijuite clear. It reifds: — “But there should be some 
Farmyard manure at least 10,000 lb. costing Rs. 10.” 
The general remarks on all the experiments is also not 
<iuite plainly expressed, viz., ‘‘ The Bajri crop which 
was in rotation with the above cotton yieldfid 102 
niaunds 32 lbs. only. The result of the above experi- 
luent cannot be taken as conclusive and true, as this 
was the first year of the experiment and the plotting 
made was very defective.” 

However the results are given for what they are 
Vvorth. 

It is to be hoped others may be induced to undertake 
^’milar experiments on similar lines, and benefit them- 
selves and the raiyats of the country. 



CROP— BROACH COTTON. 
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Plot 23A with no manure returned by no means a 
small harvest of 584 lbs. and a not profit of Ps. 84. J udg- 
iiig from the remark column of the report and from 
the out-turn, plot 20 was manured with 10,000 lbs. of 
fiinnyard manure, which increased the harvest over the 
iinmanured plot by 402 lbs. per acre, and the net profit 
by Ks. 49. This shows only too clearly the benefit to 
})(' derived from the use of manures well within the 
iiieiins of the raiyat. Doubling the amount of the 
farmyard manure, by an expenditure of Us. 20, the net 
profit rises to Us. 104, in plot 19. and the extra expendi- 
ture of Us. 10, causes a further gain of Us. 20, or a net 
extra gain per acre of Us. 10. Plot 28 confirms these 
results ; for, though 20,000 lbs. farmyard manure was 
to be employed every second year only, this was the first 
year and the whole quantity had been used. The neb 
profit was Us. 148, or Us. 109 above the unmanured 
plot, and Us. 00 above that manured with only 10,000 
ibs. but the difference between plots 20 and 28, viz., 
1,000 and 1,898 lbs! of seed cotton, or Us. 59 per acre 
is not easily explicable. 

We find that the * no manure plot ’ 28A is lOth or 
last in list of out-turn and of profit, whilst plot 28, 
fertilized with 20,000 lbs. of farmyard manure, headed 
the list with an out-turn of 1,898 lbs. seed cotton and 
a net profit of Us. 148 per acre. 

Poudrette to the amount of 20,000 lbs. must be diffi- 
cult for the ordinary cotton grower to obtain. It comes 
seventh in the out-turn list (1,058 lbs.) and twelfth under 
net profit, and may be omitted as not practical at pre- 
sent. 20,000 lbs. of tank silt is nearly as costly as 
artificial fertilizers, and cannot be got by many. Its 
eut-turn ranks 11th, with Ammonium Sulphate, and 
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takes 13fch place in the list of net puofit, though Rs. ()S 
is a net profit per acre well worth obtaining. 

A study of the substitutes for farmyard manure in 
the shape of artificial fertilizers is open to us in this n*. 
port. The results are sometimes puzzling, as when we 
find 150 lbs. of Nitrate of Soda giving an out-turn of 1,110 
lbs. of seed cotton and the harvest taking 5.th place in 
quantity and profit, (Rs. 100), while 100 lbs. of Sulphate 
of Ammonia returned only 984 lbs. or lOtli place in 
produce and 7th place in profit (Rs. 93). Here one 
might be led to infer that the soil was wanting in potasli, 
and that the soda in the nitrate took the place to a 
certain extent, of the missing potash ; but plot IfiA 
treated with 100 lbs. of Sulphate of Potash, returru'd 
only 944 Ib^. 13th in quantity and 9th in net prolit 
(Rs. 87). 

With incomplete manures we constantly get figures 
that puzzle, and, in a land like India, where such fertili- 
zers ar(‘ little understood, we do not, see what advantage 
is to be gained at present by their use on demonstration 
farms, e.xcept, of course, wlien manuring leguminosae, 
wlien nitrogenous fertilizers might be unnecessary, it 
not harmful. Sulphate of Potash (Plot IfiA), for in- 
stance, returns 944 lbs. whilst 3 cwt. of superphosphate 
added (plot l(i) lowers the return to 708 lbs. tin' 
nearest approach to the unmanured plot. Yet super- 
phosphate added to Ammonium Sulphate (plot 18) in- 
creased the harvest from 984 lbs. (plot 2J) to 1,2-J'^. 
and the net prolit from Rs. 91 to Rs. 116. 

The etYects of 500 lbs. of a complete fertilizer 
19 A) viz., 1 00 lbs. Ammonium Sulphate, 100 1>>^ 
Potassium Sulphate, and 300 lbs. Superphosphate, cosr- 
ing Rs. 30, and taking the place of 20,000 lbs. 
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farmyard manure valued at Rs. 20, are seen in the har- 
vest of 1,356 lbs. of seed cotton, i.e., only 42 lbs. less than 
plot 23 and Rs. 17 less in profit. It came second in the 
list for out-turn and for net profit. But half the quantity 
of fertilizer of plot 19A added to 10,000 lbs. of farm- 
yard manure returned only 1,020 lbs. of seed cotton, and 
though the net profit was very good, viz., Hs. 82, it is 
down 11th ill profit and 8th in out-turn. 

Having placed tliese notes before the Director of 
Agriculture, Baroda State, he sent the following letter 
in further explanation of the remarks tliat accompanied 
liis experiments : — 

Sir, 

I liave the honour to acknowledge with thanks the 
receipt of your manuscript and the .seed of tree cotton, 
sent with yours dated 20th instant. 

With regard to your remarks in the manuscript on 
the cotton experiments, I wish to say a few woi’ds : — 

(1) The remarks against plots No. 20 A viz., “ but 
there should be some farmyard manure, at least 10,000 
lbs. costing Rs. 10,” can be explained thus: — 

In plot No. 20A no farmyard manure was given at 
all. Had it been given and then if no top-dressing 
whatsoever was to be applied to this plot, we should 
have been able to compare its results with the adjoining 
plot No. 18A which was also treated with 10,000 lbs. 
ol farmyard manure, but which was given a top-dressing. 
Thus we would have been able to arrive at some results, 
regarding the application and non-application of top- 
dressing composed of a complete artificial manure to the 
cotton crop. 
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(2) There, is a general remark that we are not in a 
position to demonstrate the rotation of Bajri with cotton 
fiom one year’s experiment only, as many experimental 
errors are liable to creep in, though the utmost care is 
taken to avoid them ; and in order to remedy this evil 
we must convince ourselves thoroughly by repeating 
the same experiment for two or three years more: and 
when we have done this, then and then only should we 
try to demonstrate this experiment to the cultivators, 
otherwise not. 

(3) Plot No. 20 has been manured witli 20,000 lbs. 
of farmyard manure in the same year, while plot No. *23 
was manured with the same quantity and quality of 
farmyard manure, but in the year before the cotton cro]) 
was taken. Now plot No. 23 shows an increase of 388 lbs. 
of seed cotton over plot No. 20. 

This shows that the cotton crop is more benefited by 
a previous manuring of the farmyard manure, than 
a direct application of it in the saiifxO year. This fact 
has been confirmed by the Bombay Agricultural Depart- 
ment and hence requires no other proofs. 

The manuscript is returned to you per book post^ 
with thanks. 

I have, etc., 

(Sd.) M. SITOLE, 
Director of Agriculture, Baroda State. 

It will be interesting to watch the results of a con- 
tinuation of these experiments for a few years, while 
new plots are laid out for dealing with complete fertilizers 
only, to ascertain the cheapest and most paying method 
of raising the best crop without permitting the soil to 
deteriorate. 
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But before making attempts with conc:mt rated 
fertilizers the ordinary cultivator should be induced to 
fertilize his cotton fields with an annual application of 
a few tons of cattle manure. Kven 5 tons thus used 
year after year are bound to show their good effects 
l)efore long. 

From the most interesting series ot‘ manure experi- 
ments, to bo found in the Annual Reports of the Surat 
Government Experimental Farm, we can gather what 
can be done by the use of fertilizers within the reach of 
raiyats, and the gain to be obtained. Slight at first the 
improvement continues as years go on, and the gradual 
increase is an object lesson that may be taken advantage 
of by the Indian farmer. 

On similar plots, for three years in succession with 
no other rotation but jowar and cotton the unmanured 
plots returned an average of 191 lbs. of see^d cotton, 
whilst the plots manured with 5 tons of farm yard manure 
nsulted in a harvest of 300 lbs. per acre, and far better 
crops were obtained by the same manuring with the 
ordinary rotation found in various parts of the country, 
Ssuch as leguminous crops grown with or after jowar, 
wiiich had succeeded cotton. It is true little farm yard 
manure can be spared for dry crops that pay as little as 
cotton does in many parts of the country, and cotton 
is very much neglected in this respect, but there 
is no reason why small trials should not be made to see 
how beneficial they may prove. Even if in the first year 
or two results are not so striking as one might anticipate, 
there is no doubt, that, in course of time, both the soil 
and the crops will be benefited to a great extent and the 
progressive farmer will see a plentiful return for using 
23 
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his brains when fertilizing his fields. He can use oil- 
cakes, honeineal, saltpetre and ashes annually in small 
quantities where cattle manure cannot he spared for dry 
crops or is diihcult to obtain. The raiyat is not asked 
to spend the very large sums employed for the purpose 
in the United States of America, but to use small smns 
year by year to keep his fields in fair condition. 

To further illustrate the difference between crops 
obtained from unmanured fields and those manured in 
the ordinary way, we extract two experiments from tin* 
Bombay Crop Ex]mriment Report of 1890-91. They 
were conducted at Jambnsar and at Ankleshwar in tlir 
Broach District. 

\t Jambusar the local estimate of the harvest wn'' 
14 annas. The seed sown was fi ‘2/18 lbs. and the crop 
was 590 lbs. seed cotton, valued at Rs. 51-0-8. It was 
grown on a light brown soil locally called marugorat, 
growing baji i and cotton. It was ijot irrigated, but was 
manured before sowing in June, at 12 cartloads pot 
acre. Cultivation was indifferent and tlie season a littir 
below average, rain slightly deficient and the crop sligiit- 
ly affected by cold in February, 

At Ankleshwar, on similar soil, where land was 
unmanured but had been left fallow for three yeais. 
there was a crop of 302 lbs. of seed cotton, valued 
Rs. 28-5-4. The cultivation was good and the season as 
in the above experiment, but the out-turn was low. 

Though 500 lbs. of seed cotton is a full average 
yield in Broach, that of the Bombay Presidency is ai)oiit 
184 lbs., showing how little is returned over large tracts 
of the country by the unmanured impoverished soil. 
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The area nndor cotfcon in India and the harvests 
are given below : — 

It) J904-5. 14,918,003 acres yielding 3,8*20,000 bales or 10*2 lbs. per acre. 

In 1905-0. -21,072,000 „ „ 3,420.000 „ 05 ,, 

In 1900-7. 22,314,000 ,, 4,908.000 ,, 84 „ 

The bales weigh 400 lbs. each. 

Ill the United Slates of Amercia there were ; 

In 18S8-9. 19,362.073 acres under cotton. 

In J904-5. 31,730,371 acres yielding 13,r)00,000 halos of 499 Ihs. each or 

21*2 lbs. p ‘r acre. 

Yet a great deal more will be supplied by America ; 
for, with careful selection of stock, and a good snp))ly of 
inanures, from 500 to 800 lbs. of lint have been obtained. 
In other words. India, with 70 per cent, of the American 
average under cotton yields only ‘2() per cent, of lint ; 
and, if matteis go on as at present in both countries, the 
Indian crop will be insignificant in a few years. 

It will not he out of place here to reproduce from 
tlui “Times of India ” thr(»e or four paragraphs, published 
on 30th June, 1010, vvliich require tlie careful attention 
of all Indian cotton growers : — 

The Opportunity of Cotton. — For every reason 
then it is clearly the duty of the Indian Government to 
exert itself to the utmost to advantage agriculture. It 
happens, fortunately, just now, that a very favourable op- 
portunity offers for the advancement of Agriculture which 
makes it incumbent upon the Government of India to 
lose no time and omit no exertion to turn this favourable 
<'Pportunity to the best account. India is a large producer 
of cotton and has been from time out of mind. Since 
the latter half of the 18th century however, the United 
States has become amuch greater producer of the material. 
Indeed, the inventions that took place in the second 
half of the 18th century, and which resulted in in- 
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creasing beyond all expectation the growth of raw cotton 
in the Southern States of the Great Republic, not only 
enabled these States to out-distance India in the growin*^^ 
of cotton, but practically gave rise to the cotton industry 
in England, and ultimately to the cotton industry all over 
pjuvope. Ever since the latter part of the 18th century 
the United States had kept the lead. But there are 
signs now that the cotton consumption in the United 
States is about to exceed the possible production of the 
United States. In a word the demand for cotton goods 
is growing in the United States with the growth of the 
population and wealth, and to meet that demand cotton 
manufacturing is extending throughout the Union and 
is being fostered by a prohibitive tariff. At the 
same time the cotton manufacture is growing also in nil 
the other forward countries of the world. The result is 
that already the supply of the raw material, while adt'- 
quate in years of good season becomes short in years of 
bad season, and at the present moment is so deficient 
that it has thrown the cotton marfufacture out of gear 
everywher’e. 

More about America . — To illustrate what we have 
been saying about the production of raw cotton, \vr 
may state that the statistics published under the 
autiiority of the Liverpool Cotton Association, SepteniL r 
the loth, 1903, show that the total crop of the Unit* d 
States in i8(35-6() amounted to ‘2, 3J 4,47(5 bales. In 
1887, 2‘2 years later, the crops amounted to as miieli 
as 7,017,707 bales. The year was exceptionally pr'>* 
ductive, but making allowance for that, the figui< ^ 
strikingly show what exertions were made to stimubit 
the production of raw cotton during the two decadt ^ 
which followed the great Givil War, a period duiiii^^ 
which the South waB almost entirely dependent 
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the article for the recovery of its prosperity, and 
naturally, therefore, was straining every nerve to 
repair by its means the devastation brought upon it by 
the long and desperate struggle with the North. In 
1908-09, 21 years later, the production had risen to 
18,925,000 bales. It will be seen that in the first 22 
years here recorded the increase in the cotton crops of 
the United States was 203*2 per cent., whereas the in- 
crease in the following 21 years was about 97 per cent. 
Here ‘we have clear proof that since 1887-88 the rate 
of increase in production of raw cotton has been steadily 
slackening. Perhaps it will interest the reader if we 
•idd that in I8()(), the population of the United States 
was 34,469,000 ; in 1888, it was 59,974,000, and in 1909, 
it amounted to about 88,000,000, the increase in the 
first 22 years being 69*2 per cent., and in the subse- 
quent 21 years 46*8 per cent. 

And something about Egypt . — Ugypt has become an 
ijjiportant grower of cotton in the interval. Moreover, 
Kgyptian cotton is of a very fine quality ; so much so, 
indeed, that Lancashire uses practically only American 
and Egyptian cotton. Efforts are being made to 
stimulate the growth of the plant in the Soudan, a 
country which appears to be admirably suited for its 
production. There are other countries which grow and 
^till others which are capable of growing cotton, but at 
present these do not count for much. Elxcept the 
United States and Egypt, the only great cotton grower 
is India. Indian cotton, however, at the present time, 
is not suitable for Lancashire. The extension of cotton 
cultivation in Egypt has been very rapid and has added 
uainensely to the wealth of the country — has, indeed, 
Contributed in a powerful way to that improvement in 
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the condition of the people which has been witnessed 
since the British occupation of the Valley of the Nile. 
Eecently, however, there has been a great set back. Our 
readers are aware that the last cotton crop was a 
failure. 

d problem of the Nile . — Until it began to be gathered 
in, it was thought to be one of the finest crops ever 
grown, and as there have been two exceptionally high 
Niles in succession, the belief was held almost univer- 
sally. But when the gathering in was completed it 
was found that the crop had been hopelessly damaged. 
Th(M'e is no doubt, of course, that much damage was 
done by worms, but tlun-e is a belief that the two high 
Niles, while so beneficial to Egypt in other respects, 
has not proved to be entirely beneficial to the cotton 
crop. Tliere is, further, a belief that the growers of 
cotton have exhausted the fertility of the soil, not 
applying manures as was desirable. The Egyptian 
GovcuTiment at present is taking every means within 
its power to set matters right ; we hope with success. 
But, however that may be, the e.xisting state of things 
shows that just now a favourable opportunity offers, 
which if turned to good account, may enable India to 
get a better position in the cotton trade than she holds 
at present.” 

13ut progress is not to be made just now by experi- 
ments with exotics, or an interference with the raiyat’s 
mode of tillage and rotation till he is able to supply tin 
necessary manures. Above all, for a time of least, al' 
attempts to cultivate in one district a variety that pays 
better in another district, must be avoided, and triaU 
with exotics must be restricted to experkjiental plot- 
for many years. 
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After rice, the largest area cropped in India is 
wheat, and under this cereal there are more than 2 ?, 
iiiillion acres. 

If the addition of one bushel ((>0 lbs.) to the cereal 
harvests of India would pay all the taxes, it is a great 
pity and an incalculable loss to the country that the 
peasants have not yet learnt to imitate other lands in 
the means employed to increase the out-turn of their 
wheat fields. 

Tn the “ Agricultural Gazette,” New South Wales, 
Australia, for September 1903, there is an interesting 
tabulated statement showing the average yield of the 
wlunit harvests iii the chief countries of the world. 

The av(‘rage for thc^ years 1802 — 1001 is as 
follows: - 

Bushels. 


Great Britain ... 32*01 

Holland , ... 28*80 

Denmark ... 2818 

Belgium ... 27*04 

New Zealand ... 27*44 

Germany ... 25*07 

Sweden ... 24*00 

France ... 18*51 

Canada (Ontario and Manitoba) ... 18*24 

Japan .. 17 *.5 4 

Austria ... 15*53 

Servia ... 14*50 

Bulgaria ••. 14*00 

United States of America ... 13;20 

Italy ' ... 12*90 

Roumfirtiia ... 12*36 
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Bushels. 


Ai-gentina ... 11‘34 

Spain ... 10*80 

India (including Native States) ... 10*40 

Poland ... 9*79 

North Caucasia ... 9*70 

European Russia exclusive of Poland ... 7*95 

Australia ... 7*00 


Although Australia as a whole shows so low an 
average, that of tlie County of Willoughby is 18*3 
bushels per acre. 

It is worth noting that Belgium in 190‘2 led the 
way with 34 bushels, followed by Great Britain wdth 
31*2*2 and (.leriiiany a near approach with 30*33, whilst 
( -anada followed with 25*00, and Austria and France and 
Houmania showed 20 bushels each. 

As usual those countries have tlie biggest and best 
crops that resort most to manuring, and, where concen- 
trat(Ml fertilizers are brought on the,, farm to be added 
to the ordinary dung, the result is a harvest far in excess 
of the average. 

German agriculturists are not satisfied with merely 
learning what in theory is best for their fields ; they 
experiment to ascertain what will give the best crop, and 
then apply the result of their experiments to their farms. 

In Krichauf’s “ Manuring with Potash ” we find 
the proportionate quantities of plant-foods taken from an 
acre of land by an ordinary crop of wheat, as follows : — 



Wheat. 

Straw. 

Total. 

Nitrogen 

.. r)9*9 

25-1 

95-0 

Phosphoric Acid . 

.. 26*5 

11-9 

38-4 

Potash 

17*4 

32-5 

49-9 
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A bumper crop would take more. 

As the manures and fertilizers applied may not 
place all their nutrient properties at the disposition of 
the first crop, it is advisable to use greater quantities 
than the analyses appear to justify, and, in the case of 
phosporic acid, to supply proportionately larger (juanti- 
ties, as experience teaches us that it results in bigger 
harvests. 

If we look around the world for the largest har- 
vests in wheat, we find that the Duchy of Anhalt can 
boast 83 bushels per acre. Now it must be borne in 
mind that there are large potash mines in this province, 
mid, potash being cheap on the spot, is much resorted 
to as a fertilizer. 

Professors Wagntu' and Miercker, as well as other 
authorities, have stated that, with potassic manures, 
the average yield of grain is 1,470 lbs. more ( if 200 lbs. 
potash be used) than from land not so manured. 
Whether the soil be good, bad, or indifferent, the use 
of this fertilizer always increases the harvest returns. 
Belgian soils, which average the best wheat returns, 
are rich in potash, but, whilst a good crop removes 
01 lbs. of potash from the acre, the dung used as a 
manure returns only 44 lbs., so that, in course of time, 
the soil must become considerably poonu- unless potash 
IS used in fairly large quantities as a fertilizer. 

Some of the reports we have from that country 
will not easily be credited by the Indian peasants M. 
daques of Hillecourt made the following experiments : — 

Harvest per acre. 

1. Without manure 24*88 bushels. 

2. Nitrate of soda 80 lbs. • 

Basic Slag, 480 lbs. I 


87*2 



Harvest per acre, 
40* 3() bushels. 


3. Nitrate of Soda 80 lbs. 

Basic Slag 480 lbs. 

Muriate of potash 
too lbs. 

What a gold mine the Ihinjal) would become if 
anything like these results could be obtained. Yet 
there is no earthly reason why similar crops should not 
be grown by nii'ans of well-balanced fertilizers. 

Of course tlie same formula miglit not be suitable. 
Probably a great deal more nitrogen might be required, 
and nitrogen is the principal constituent of the plant - 
food of cm-eals. JhiL in th(^ Punjab itself there lies at 
the door of th(‘ farmers the nitrogen and potasli. in 
saltpiitre, that would supply two of the', three plant-foiMl 
ingredients, and hone or liasic slag would complete th<‘ 
fertilizer. Since cereals are appaiently thankftd h)r 
magnesium and calcium salts, and even for a little 
common salt, kainit, whicli contains all these as well a^ 
potash, can be reconimmided as the means of conveying 
the potash to the plants. As some people may be afraid 
of clu^ soil caking by its use, it may be mentioned that 
Dr. Sebneidewind recommends kainit as the he^i 
potassic manure for cereals, and, so long as not iiion- 
than 3 ewt. is applied per acre, no damage need hi 
feart'd to the texture of the land. Muriate of pota^li. 
which contains four times as much potash and ab(»nt 
one-third the amount of common salt, will also be foundi 
an e,\cellent potassic fertilizer. 

Professin* H. Boiret recommends the use 
phosphoric acid to give the straw of cereals more rigidit . 
to cause earlier ripening, and to produce heavier grau'i. 

Australian farmers depend to a very great extoi.: 
on phosphatic manures alone ; but this must result in 



constant loss of nitrogen and potash, so that after some 
vears the harvest will dwindle till it is not worth the 
i;il)Oiir of growing wheat. But the influence of phos- 
phoric acid on heavy bearing has no doubt been 
a))UDdantly proved, and, provided the law of minima is 
home in mind, we may agree with Mr. John Wolley of 
Skijnblentt Farm, Montgomeryshire, who produced tlie 
big wheat crop of 77 bushels, when he says ‘‘a good 
pliosphatic lieart is the foundation of all profitable 
agriculture.'’ 

In a small treatise like this it would be too 


costly to insert illustrations taken from [diotographs in 
th(‘ field, but as a sample of what nniy bt* done by 
Indian farmers at no great cost to test tln^ value of 
concentrated fertilizers, the following la^port is placcal 
liefore them of small (experiments in Fast Prussia : — 

M.'inuro [)i.t :i(!rc. 

Harvest 


above 

Hired. 



per acre. 

§1 ‘ 

1 cc S 

t 



1 O 2 

1 

1 

(irain. Straw. 

^ 1 cj 

Us. ' Us. 

1 

Us. 

I. Cattle duu” 

lbs. lbs. 

1,150 ‘2,050 

1 91 ! 


Cattle dung with 450 

1,950 3,250 

140-4 25-14 

:J0 

lbs. Suporpliosyhiite 
and 150 ll)s. Nitrate of 
Soda . . 




■b Cattle dung with 450 

■2.400 l,-2.W 

1H2 14 1 :n.l4 

:')0 

lbs. Superphosphate, 
150 lbs. Nitrate of 
Soda and JOO ll)s. 40% 
Potash Salt 

! 

i 

1 


Here we see not only the benefits to be derived from 
the use of fertilizers, but the fact stands out clearly that a 
complete manure, even if somewhat more costly in the ini- 
tial expenditure involved, repays the farmer wonderfully. 



As, however, the raiyat may not care to risk even 
the expenditure on one acre, we would suggest trials on 
a very small scale at first, such as we find in Professor 
P. Wagner’s interesting Fourth Leaflet on Manurial 
Questions. The experiment with wheat was made on 
sandly loam, rich in nitrogen, at a place called Ernstho- 
fen. Notwithstanding the fact that the principal 
plant-food ingredient was by no means wanting in the 
soil, a nitrogenous manure is used in the trial, for it 
ought to be the aim of every farmer to keep his land, 
like his animals, in good condition, while getting from 
it the greatest possible profit. 

The experimental plots were one-fiftieth of an acre 
each, and the price of the fertilizers well within the 
means of the Indian raiyat. 

Without manure the harvest was — 

Grain Hi lbs. Straw 73 lbs. 
A complete manure produced ,, 48 ,, ,, 127 ,, 

Or a gain per acre of ,, 85() ,, ,, 2,700 ,, 

The fertiliztM* was made up of four lbs. 38;;„ potash 
salts, 2 lbs. double superplios])hate, and 4 lbs. nitrab* 
of soda. 

If experiments are first tried on a small scale like 
this, it will be an encouragemimt to increase the size of 
the expei i inmtal plots and finally to try larger experi- 
ments in the field. 

Tht're is an old saying, common in England, pretty 
well appreciated throughout Europe, but not yet well un- 
derstood in India, viz.: “you will get nothing for nothing, 

and d- d little for a half-penny.” The sooner this is 

understood by the native w’heat grower the better for him. 

When the value of incomplete fertilizers is know].. 
much benefit may be derived from their use ; the retuif^ 
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from an unmanured plot, for instance, being 1,520 lbs; 
whilst a similar adjoining plot treated with 800 lbs. of 
basic slag produced 2,560 lbs. on the farm of M. Billiard 
at Montiers, and an acre, giving a crop of 40(3 lbs. at 
Hadonvilliers, returned to Messrs. Mussier and Massal 
1,472 lbs. by the use of 800 lbs. of the same fertilizer. 
For a long time to come, however, complete manures 
will be necessary in India, and, where cattle manure 
cannot be had in sufficient quantities, concentrated 
fertilizers, such as saltpetre and basic slag or bone and 
the various oilcakes available in the country together 
with ashes will produce as good crops as these, if not 
better. It is a question of judicious manuring, and all 
the more necessary in India, whercj the soils are not 
often rich in nitrogen. 

To show again the dilTerence between incomplete, 
and complete manures the following table of the average 
crops of e.xperiments in triplicate, conducted by Mr. J. 
Keller of Ernsthofen will l)e useful: — 



ewes. 

; 

Straw, 

* cwts. 

! 

Uru/ii above 

' 

the unmaiiured 
j)lot. 

1. No run mi ru 


121 

t 

Manured without potash 
■i. Manured without pho.sphoric 

48‘5 

id'B 

0 1 -3-0 

I 

acid 

43 -] 

10*2 ; 

t 1-18-0 

t. Manured without nitro'.;en 

42*4 

lO'O 

C 1-10-8 

-j. Complete manure 

50-8 

i :)'2 

I £ 8- 7-0 


But it is not only the amount of grain that is to 
he considered in the harvest. The <iuality of the straw, 
whether for feeding or for other purposes .should also be 
borne in mind.. Sir Henry Gilbert investigated the 
statement, frequently made, that the strength of 
i)arley and wheat straw is dependant on a high per- 
centage of silica in their composition. He found, on 
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the contrary, that a high proportion of silica in tlh 
straw meant a low proportion of organic substance, ain 
hence brittleness and not strength of straw was tlh 
result. The strength of straw depends upon the favom 
able development of the woody substance of the cellulos*' 
and as this has the charactm-istics of the carbohydrates 
it is always b(meficial to use potash, which has h^rr 
found to be exceedingly useful in their formation 
Experiments at liothainsted confirmed this. On t\v( 
plots growing barley, Phosphate and Ammonia salt^ 
were applied on Mie one, and on the other Potash wa^ 
added to the above salts. The straw on the non-potash 
plot grew worse as the experiment continued, so that 
m unfavourable seasons it was brittle enough to lx 
crushed into fragments in th(^ hand, wliile on the potash- 
manured plot the straw remained stout and healtliv. 
Th(^ chemical analysis further confirmed this, Im 
18*‘2 lbs. per acre of poiash was found in the straw 
the first plot, and 89*5 Ifis. in that on the second; sc 
that, besides the increas(‘. in the gr^iin, th(*re is a gn'at 
improvement in the straw when a complete manuia , 
containing a sutticiency of potash, is used. Even wIkuc 
farm-yard manure is employed in fairly large quantities, 
such as 12 tons, on soils that in Europe are said to !»' 
in fair condition, other concentrated fertilziers can he 
usefully added ; but, in India, where it is seldom possihl* 
to use T) tons per acre on wheat soils, l)y no means rich 
in plant-foods, a judicious expenditure on artificial 
fertilizers will amply repay the farmer. 

In the advertisements of agents for fertilizers w< 
often find such examples given : — 

“Result obtained in 1908, on Heavy Loam in poo. 
condition, by Mr. John VVoodyatt, the Hill Rock, 
Bewdley, Worcestershire. 
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Manure applied per acre 

0 cwt. Kainit ! 

1 cwt. Nitrate of sodai 


The above plus 
6 cwt. Basic Slag 


1 


Yield per acre. 

11 cwts. 32 lbs. cc'rn. 
26 ,, 32 lbs. straw. 


20 

50 


104 lbs. corn. 
104 lbs. straw. 


Of course the increase and conseciuent profit is put 
down to Basic Slag. Any other phosphatic manure 
decomposing as (piickly would have given eijually good 
results, not on account of the phosphatic manure merely, 
hut because it supplied the necessary amount of that 
special substance rcHjuired to make the manure compkd.e, 
so that the plant could have all the ingre.dients })laced 
at its disposal to form its re(|uisitc iiourishment. 


As usual we have laid stress on the increase of the 
(juantity of the harvest, leaving the (juestion of (piality 
alone for the present, first because the manures and 
fertilizers if well balanced and complete are surci to (d’fect 
a certain improvement in quality also, and s('condly be- 
cause the increase in quantity must first he deinoristrated 
before the raiyat will attend to further improvements. 
We cannot expect altruism from the Indian peasant any 
more than we can look for it from the Pluropean farmer. 
Show the raiyat a reasonable profit and he will follow 
advice soon enough. He cannot he expected to spend 
money and take risks in experiments for the benefit of 
others. Year in, year out, we have preached this simple 
text, and we are pleased to find in the Annual Report of 
the Department of Agriculture for the year 1908-1009, 
that the Government at last sees the necessity to work on 
these lines. As usual, of course, the idea of increasing 
the yield is restricted to selection. What selection will do 
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without the most careful attention to manuring is not 
ditlicult to foresee. But, liaviug failed in attempts to im- 
provo other crops by the introduction of pardeshi and 
exotic, varieties, it is a puzzle to us why the same eternal 
plan must be continued in this case to add to the record of 
failures in the Department. When will the Government 
first try to increase the returns by the chief means adopted 
in Europe before going the round of all the old failures 
There may be too much concentrated science even in a 
scientific Department under the J^ritisli Government in 
India, and we are not surprised to learn that farmers would 
be more pleased to hear of bumper crops on Demonstra- 
tion harms, by the use of fertilizers witliin the means of 
well-to-do raiyats, than to h^arn of repeated hopeless 
failures in the pursuit of some wonderfully scicntilic aim. 

Notwithstanding the numberless trials in all parts 
of the world showing the necessity for complete well- 
balanced fertilizers, we have the old experiments begun 
in India as if no one in the world had even tried them 
before, viz., green manuring, fallow, incomplete fertilizer'^, 
and finally one complete if ill-balanced fertilizer, based 
evidently on some guess, which shows at least the bcme- 
fits to. be derived from a manure containing all the 
principal plant-foods. Whether this will be of any use in 
the succeeding trials, Heaven only knows. Most likely 
the same old list will be continued and the same numbei 
of pages filled in when the Annual Report is sent on, 
till, in^ course of years, we have volumes enough to make 
up an Encyclopaedia of useless knowledge. 

However, it is something to have even these trial?" 
made, away at Mirpurklias Agricultural Station ; for, 
though scarce a page of the returns is worth much, ‘t 
shows only too clearly the benefits to be derived from a 
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combination of Nitrogen, Phosphoric Acid and Potash 
in the plant-foods for wheat. 


The following is extracted from the last "Report 
^908-1909) : — 


Treatment. 

1 

Yield per 
jacre Grain 

No. of 
water- 


j in lbs. 

ings. 

# 

Sunn ploughed in 

(540 

2 

2. Mung and Mutki 

SCO 

2 

3. Fallow 

480 

1 

4. Nitrate of Soda 1 cwt. top- 
dressed Bone-dust 3 cwt. 
every third year 

547 

1 

5. Sulphate of Ammonia =1 cwt. 
Nitrate of Soda Bone-dust 

3 cwt. every third year 

878 

1 

6. Sulphate of Ammonia=l cwt. 
of Nitrate of Soda. Sulphate 
of l^otash i cwt. Bone-dust 
every third year 3 cwt. 

1152 

1 


Let us now see the difference appearing in India 
l)etween manured and unmanured wheat fields, and 
compare the profit obtained by the Indian farmer with 
what can be shown by farmers in Europe. 

In the “ Crop Experiments,'’ Bombay Presidency, 
1S88-89, we have a carefully complied report by Mr. H. 
Woodward, Assistant Collector, Ahmednagar. 'The 
fi^dd was in Nervasa (Kharvandi) and is described as 
unirrigated best black soil, manured in April by folding 
sheep 'and goats three days. Rotation — ^1. wheat, 2. 
i wari (late) and 3. bajri. Cultivation fair, and season 
1 tvourable. 1,000 lbs. is considered a full crop. A little 


24 
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Kardai was sown with the soft red soda wheat and the 
resulting harvest was 856 lbs. wheat and 18 lbs. Kardai. 

Calculating expenditure as if incurred in the pay- 
ment of labourers, (the family did all the work), the 
cost of raising the crop on 10 acres 39 gunthas was, in 
round numbers Ks. 150, thus: — 

Rs. A. I’ 

1. Man and three pairs of bullocks of 30 

days. ^ .. ... 33 12 0 

2. Folding sheep and goats for three days, 

their grazing and food for attendants... i 8 (j 

3. Harrowing. 2 pairs of bullocks and I man, 

10 days. 1 pair and I man, 5 days ... 10 10 0 

4. Sowing. 2 coulter drill, 3 men and 2 

pairs of bullocks for 4 days ... 4 l‘i 0 

5. Watching. 1 man, for 2 months at Rs. 4. 8 0 0 

(). Reaping and binding. 6 men for 15 days. 16 11 0 

7. Carrying to grainyard. 2 pairs of bullocks, 

3 men for 4 days ... 4 12 0 

8. Threshing. 4 men and 4 pairs* of bul- 

locks, 8 days ... 16 0 0 

9- Winnowing. 2 men and 2 women for 4 

days ... 2 8 0 

10. Carriage to market ... 3 0 0 

11. Cost of seed. 2 inaunds of wheat at Rs. 4 

and ' seers Kardai at 1} annas ... 8 5 0 

12. Wear and tear of implements and bul- 

locks. 3 pairs of bullocks at Rs. 40 per 
. pair lasting 7 years Rs. 17, implements 
repaired and replaced Rs. 2 ... 19 0 (' 

13. Village haks (dues) ... 9 0 0 

14. Assessment and Local cess ... 11 13 0 

Total ... 149 14 
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The yield per acre = Rs. 27 3 7 
The cost „ ,, = „ 13 10 (5 


and the net profit Rs. 13 0 1 


In this case the manuring cost Rs. 1-8-0 and yet 
tht' harvest was a fairly satisfactory one, for it brought 
profit that, in India, is considered good. 

With this let us eouijiare tlie figures of receipts 
iiid (ixpenditure of a wheat harvest from an acre in 
Ihigland. 


Cost of producing a Wheat Crop. 

s. (L 


Hiinging at 10 loads per acn^.. 
Ploughing — 2 horses at 1 iiav, 
per day 

I'Atra allowed for skim coulter. 
> horse rolling 7 ft. 0 ins. wide, 
strokes of the harrow before^ 
drilling (Tli, l.Jd. 

Diilling with 2 horse drill 7 ft. 
0 ins. wide 

1 stroke of harrow after drill... 

Total tillage... 

S[)iing rolling with 3 horses ... 

harrowing 

Ifirvesting 

Hji'eshing 

blessing (winnowing twice) 


0 8 f) 

0 5 () 

0 1 0 

0 0 8-0 

0 2 i) 

0 0 0-0 

0 0 4 1 


0 19 4-3 

0 0 80 
0 0 4-1 
0 9 0 
U 4 10 


id. ... 0 I 4 

Marketing ... 0 2 0 


1 18 I 



372 


Cost of producing a Wheat Crop. 



£ 

s. 

d. 

Labour charges 

1 

18 

1 

Seed 3 bushels 5s. (good 




quality) 

0 

15 

0 

Dressing or Pickling 

0 

0 

G 

Rent, Rates, Taxes 

1 

5 

0 

Incidental expenses 

0 

2 

5 

Total coat per acre 

4 

1 

0 

Average Crop 4 quarters @ 32s. = 

6 

8 

0 

Straw 

1 

10 

0 


7 

18 

0 

Deduct ... 

4 

i 

0 

Book profit per acre 

H 

17 

0= 


4 years* rotation : — 


following 



£ 

S. 

d. 

f 

s. 

d. 

f 

s. 

d, 

Wheat.. 

. 4 

1 

0 

7 

18 

0 

3 

17 

0 

Roots .. 

. 6 

0 

0 

6 

0 

0 

1 

0 

0 

Barley.. 

. 3 

5 

8 

7 

10 

0 

4 

4 

4 

Clover .. 

. 2 

7 

1 

4 

0 

0 

1 

12 

11 


14 

13 

9 

25 

8 

0 

10 

14 

3 


3=Ks. 160 11 0 

* Jt would bedifiicultto supply anything like 16 load^ 
ol dung to the acre of wheat in India, but Dr. 3. W. 
Leather in the Agricultural Ledger “ Indian Manures, 
1897, says : — “ The general conclusion which we may 
draw from these experiments, (the increase in the har- 
vests due to cattle manure) is that, with an application 
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of () tons per acre of cattle manure, there will be ob- 
tained an increase of some 300 to 400 lbs. of wheat per 
acre in the N. W. Provinces, or Bengal, and at Nagpur 
from 200 to 300 lbs.” 

In the same Ledger he attempts to show that, prop- 
erly conserved, there would be enough manure to sup- 
ply the dry crops with 0 tons per acre ; but, unfortunately, 
this most important manure, the mainstay of the 
agriculturist, is much neglected in India. To prove how 
it will pay the raiyat to manure with the means at his 
disposal, viz., the excreta from cattle and men, we have 
a series of experiments carried on for 1 1 years, which 
can be summed up as follows, the average being given of 


the standard and duplicate 

plots : — 




i 1884-88. 

1888-92. 

1892-95. 

1 

No manure, grain .. 

1 

988 lbs. 

i 

1181 lbs. 

i 

1086 lbs. 

Cowdung 180 maunds „ ... 

' 18(58 „ 

1.579 „ 

1.579 

Poudrette • ,, ... 

1424 „ 

1(510 „ 

1775 


In the Agricultural Ledger No. 10 of 1893, we have 
a note from the pen of Mr. T. Basu, Assistant to the 
Department of Land Eecords and Agriculture, on “ The 
Dumraon Farms : — What they teach.” From this we 
extract a few words which may be useful not only to the 
raiyat but also to those who say artificial fertilizers are 
unknown to the Indian farmers, and are not likely to 
prove beneficial in this country. “ The Behar raiyat,” 
says Mr. Basu,” knows the value of nitrous earth for 
the poppy crop : in other parts of India it is used also 
for tobacco, wheat, chillies, and other valuable crops. 
What is wanted is only an extension of the existing 
practice.” 





This has been done, to a certain extent, but not quite on the right lines. When only an 
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Here we see clearly that the use of a deshi fertilizer 
within the means of the ordinary raiyat repays itself 
handsomely ; but we also see the dangers arising from 
the continued use of incomplete manures. 

Saltpetre, when pure, contains large amounts of 
nitrogen and potash, but no phosphoric acid. Now 
every harvest takes a fair quantity of this plant-food off 
the field, till the store available for the plants is nearly 
exhausted. Then the crops must suffer. Wo have 
learnt from the law ot minima, that, though a soil may 
bo ever so rich in one plant-food such as nitrogen, or in 
another such as potash, or in both, the crop will not be 
good unless wo have a sufficiency of phosphoric acid« 
In tlie experiments tabulated above, we find the plants 
supplied with a yearly allowance of nitrogen and potash, 
with the result that the soil must give up its stores of 
phosphoric acid to produce the crops, and, as the results 
show, in course of time»the liarvest must fall, till, after 
some years, owing to the want of phosphoric acid, the 
whole must end in compleU* failure. 

It is painful to find the Department looking for 
extraordinary reasons for the decrease of the harvest, 
W'hen the cause was patent. Here is w’hat we find in 
the lleport : — On considering the results, it will appear 
that the increase in the outturn, resulting from the 
application ot saltpetre, became gradually less every 
year, so that in the last year of the experiment a net 
profit of Ks. 3-14-0 only, on account of this in£fnure. 
was left, against Hs. *28-4-0 in the first year. This fact 
would teach us not to expect that, because saltpetre is a 
good manure for wheat, it ought to bring a large out- 
turn when applied year after year to the same land. 
Saltpetre acts best for the first two or three years, and 
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on soil which has been exhausted by continuous cropping 
without manure for many years. When land can be 
manured with ashes, it will be found profitable to use 
nitre in addition to them.” 

Is it not strange that the first principles of agricul- 
ture are ignored in attempts at explaining the gradual 
decrease in the harvests. One would think the law of 
minima had never been heard of by the Department. 
As if to strengthen the extraordinary deductions drawn 
from the experimer ts, Dr. J. W. Leather, Agricultural 
Chemist to the Government of India, is cited as inform- 
ing the Editor of the Dictionary of Economic Products 
.that “ At Cawnpore saltpetre both by itself and in 
conjunction with ashes of cowdimg, has proved a very 
valuable manure for wheat and maize. Moreover, this 
confirms the results obtained in England, viz., that a 
nitrogenous manure is the most valuable for the 
cereal crop.” 

It may be the most valuable, it is the most 
costly, and generally the most needed, especially in 
Indian soils ; but it must be remembered that, without 
a sufiiciency of phosphoric acid and potash in the soil, 
no bumper crop will be obtained, notwithstanding the 
application of tons of the costliest nitrogenous fertilizers. 
Absolutely necessary as the component part of a com- 
plete plant-food, mure phosplioric acid is needed in the 
fruit, in this case the wheat grain, and it is in this har- 
vest we find a regular fall year after year as the store in 
the soil is consumed and nothing is added to the field to 
replace it. The straw’ harvest is more irregular ; for it? 
chief supplies consist of nitrogen, potash and silica and 
very little phosphoric acid is requisite to make the food 
for straw complete. 
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Where some farmyard manure can be used it is 
always advisable to employ it, not merely as a fertilizer, 
but also for the beneficial effect it has upon the physical 
conformation of the soil. If, to about 5 tons of this, 
‘2 cwt. of bonemeal or basic slag, and ] cwt. of kainit 
could be added, the resulting harvest would be excellent. 
The further addition of 1 or 2 cwt. of nitrate of potash 
(saltpetre) would probably produce a bumper crop. In 
Australia where they know their soils are rich in 
nitrogen and potash, as in Flowerdale, 4 cwt. of bone- 
dust used for potatoes, served to produce 20 bushels in 
the succeeding wheat crop, and at Longford the use of 
1 J cwt. bone-dust got from Sidney, returned 23 bushels 
of wheat; but where the use of artificial fertilizers is 
new, we cannot recoiuuiend such as contain one, or at 
most two of the principal plant-foods, but should be 
inclined to insist on manures containing nitrogen, 
phosphoric acid, and potash. 

In 1894-95 a complete manure was used and the 


difference is 

striking. 

The harvests were 

: — 


Plot. 

Manure. 

Per plot. 

Per 

acre. 



Grain. Straw. 

Grain. 

Straw. 

1. 800 sq. 

None 

lbs, 392 687 

2371 

4156 

yards. 

1 

•) 

( Bonemeal 
' 480 lbs. 




“• ff' 

i 

Saltpetre 

„ 533 903 

322 1 

5463 

1 

‘ 240 lbs. 



• 


The Nagpur Farm reports both the value of com- 
plete manures and the difficulty of obtaining results that 
oiight otherwise be expected when the area is not irri- 
gated and fertilizers like bonemeal cannot decompose in 
Mine to place at the disposal of the plants the plant-food 
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or foods they may contain. Taking the anirrigated 
portion first, we find that, though there is a profit from 
incomplete manures, it diminishes as years go by, and 
that, even where complete manures are used, the 
decrease is fairly constant ; for a very small portion of a 
fertilizer such as bonemeal will decompose when the 
amount of water the soil receives is slight, but that ev(‘n 
though the bonemeal appeared a waste at first, its 
effects are seen even on unirrigated land. 

Unirrigated. 

Average 1885—89. 1890—94. 




Grain. 

Straw. 

Grain. 

Straw. 

1. 

Uninanured lbs. 

7911 

1287 

418 

796 

2. 

Bone-dust 360 






lbs. p(U‘ acre ,, 

891 

1388 

534 

882 

3. 

Saltpetre 240 lbs „ 

1183 

1711 

751 

146H 

4. 

Saltpetre 240^ 
lbs. par acre! 
J^onemeal 360 , ” 

1094 

1751 

oc 

153s 


lbs, per acre) 


•• 




The difference between the manured and unmaniii - 
ed portions on irrigated land is pronounced and show^ 
only too clearly the advantage to be obtained from a 
complete fertilizer : — 


Average for the years 1890 — 94 : — 

Unirrigated. Irrigated. 
Grain. Straw. Grain. Straw. 


1. Uninanured lbs. 

2. Bone-dust 360 

418 

79() 

486 

820 

lbs. per acre „ 

534 

882 

626 

954 

3. Saltpetre 240 lbs. ,, 

751 

14(38 

931 

1789 


4. Saltpere 240 lbs. 1 
Bonemeal 360 lbs. ) ’* 


865 1538 1012 1924 
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A proper rotation may often supply the nitrogen 
wanting in the soil, but care must be taken that other 
manures are added, or the harvest may show astonishing 
changes and end in losses. 

We have an interesting series of experiments cai ried 
on from 1884 to 1895, on two plots, both unmanured, 
but on the one the wheat invariably followed indigo, 
which had been removed before the wheat was sown. 
The results are : — 


Unmanured 
Following indigo ... 


Unmanured 
Following indigo ... 


1884 1885 1886 1887 1888 1889 

1514 6‘28 1867 847 786 658 

1590 1107 1791 1283 1879 835 

1890 1891 1892 1894 1895 

1464 1162 690 877 287 

1988 1186 1258 696 287 


In both cases vve have a final decrease in the har- 
vests till they approach disappearing point ; but the 
plot on which wheat followed indigo gave better results 
for several years. 

A similar series appears in the Agricultural Lodger 
of 1895, No. 11. Here w'e have saltpetre used as a 
fertilizer and it contains nitrogen and potash, but no 
phosphoric acid. As seen before, the results are very 
uneven, and though at first they appear excellent, in 
course of time the law of minima is enforced by nature. 
< hi the Nagpur Farm the experiment was carric'd on 
froin 1885 to 1898, with the following results : -- 

1885 1886 1887 1888 1889 

U No manure lbs. 1055 768 1060 760 525 

Saltpetre 240 1555 990 1610 1470 610 



380 

1890 1891 1892 1898 

1. No manure lbs. 887 515 540 280 

2. Saltpetre 240 987 1227 612 420 

We cannot but notice the gradual decrease in the 
returns year by year as the land becomes impoverished. 
The great increase on the manured plots continues 
while a suOiciency of available mineral matter is in tho 
soil ; but the decomposition of the land placing this at 
the disposition of the plant h(3ing irregular, owing to 
climatic differences in different years, the results on this 
plot are very uneven, and the d(jcreasing store sends the 
harvests downwards, till, in course of time, the w'ant of 
phosphoric acid is so decided that the land cannot return 
paying crops. 

From the reports of the Nagpur Farm we see that 
tJie average wh(‘at harvest from 1888 to 1887 was : — 

Unman iir(id ... 1089 lbs. grain. 

Complete manure ... 1514 „ ,, 

Increase over unmannred ... 475 ,, ,, 

Cattle (lung is a complete manure, and we have 
seen how its regular use n^sulCs in an undiminished in- 
crease over the immanured plots. It seems so unneci's- 
sary to repeat this. The raiyat knows it, but has not 
eiiiMigli ifianure or the money wherewith to purchase it. 
But, ^ in iheso days, when c ^-operative societies ar^ 
spreading over the land, and the money they lend oughi: 
to be spent on that most important thing in farming 
the manuring of the soil, it may not be out of place t 
show the large results obtainable by the use of a few ton 
of a maniin* that is never very costly when it can be got 
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On the Cawnpore Farm the following were the 
results of manuring with 132 cwt. of cattle dung as 
compared with unmanured plots : — 

1884 1885 1886 1887 1888 

1. No manure lbs. 1031 635 913 1041 968 

2. Cattle dung „ 1428 900 1537 1258 1246 


1. No manure lbs. 

2. Cattle dung ,, 


1889 1890 1891 1892 1893 
883 1307 1222 992 1500 
980 1585 1537 1331 2474 


No doubt the effect of good tillage is seen in the fair 
returns obtainable so long on the immanured plot, but 
even good tillage would not be sufficient in course of 
time. The effects of the 132 cwt. of cattle dung per 
acre are so evident and the results so progressive that no 
comment is required. 


Similar results are apparent on the .Dumraon Farm, 
only in this, the fall in the returns in the unmanured 
plot is very apparent. 


1886 1887 1888 1889 1890 1891 

No manure lbs. 1154 516 672 884 910 606 

Cowdung ,, 1514 610 908 1154 1386 866 

On the Cawnpore farm we have a most interesting 
experiment with green manures ploughed in. Sunn 
gathers its nitrogen from the air, and, in decomppsing, 
returns to the soil the mineral matter taken from it. 
There is a tery peculiar occasional fall in the returns 
every now and again, an e.xplanation of which would be 
worth learning. The unmanured plots, as usual, show 
the deterioration that goes on rapidly when crops are 



roinoved from the soil annually and no manure is added. 
The results arci : — 

1882 1888 1884 1885 1886 1887 
No manure lbs. 777 1198 1182 659 709 751 
(Ireen Sunn 

plou^^hed in.- ll)s. 1978 1787 1788 1404 660 1500 

1888 1889 1890 1891 1892 
No manure lbs. 587 417 484 685 815 

(Ireon Sunn plouglu'd in lbs. 1285 814 1122 1118 1125 
8’hti soil must have Imhui ori^unally fairly ricJi in 
phosphoric acid and potash, thougl) poor in nitrogen. 
TOie Sunn did not increase the mineral matter, but, as 
tbe crop was ploughed in, it *vvas not lost. The ?iitrog(‘n 
was increasi'd with every crop of Sunn. Had phosplio- 
ric acid and potash been added when the Sunn was 
ploughed in, bumper crops would have been obtainetl 
annually. 

Of course, the expenditure on farms in Europii is 
much h(awi(‘r per acre on account of the cost of mainii e, 
the price of labour, etc. The returns, however, are so 
much greater that the net profit in Europe is very much 
higher tlian we find it in India. And this is absolutely 
necessary to keep the farmer in the comfort lie enjoys, 
which to the Indian peasant, would be the lordly way of 
life of the Saheh. 

But, if manure is not used, i.e., if little expenditun^ 
is incurivd in raising the crop, a small harvest will result. 
Occasionally in India the land is allowed to lie fallow for 
years, and a crop of 1,129 lbs. of grain with 1,488 lbs, of 
straw can be obtained from black soil. In thecrop E.xperi- 
inents tor 1890-91 we find such to be the case, but on 
similar soil in the same season, the lack of manure on 
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regularly cropped fields results in an outturn of 669 lbs. 
grain and 645 lbs. 

Besides the small crops obtained when manure is 
not used, there is a further danger of the harvest being 
considerably lessened by an attack of Rust. 

It will be noticed that parasites attack sickly plants 
most, as white ants eat into decaying or dead wood. In 
order to prevent such attacks (and prevention is better 
than cure) plants should be kept in good heart by an 
application of sufficient manure. They will then not be 
so easily attacked and be able to resist disease to a very 
great extent. It has been noticed that early sown wheat 
seems to escape the attack of Rust, Seasons for sowing 
Jiiust however be maintained if good harvests are to 
result ; but if wo cannot sow earlier, we are able to bring 
the crops to maturity quicker. This can be done by the 
use of easily soluble phosphatic manures, such as super- 
phosphates and basic slag, which give strength to the 
plants, increase the grain harvest, and ripen it earlier. 
An addition of these to the ordinary farmyard manure 
will be found of great benefit. 

When we compare the average outturn in India 
with that of Great Britain, we can understand the differ- 
ence in the wealth of the people. Why should not the 
627 lbs. average per acre of wheat obtained in India be 
made the 1,974 lbs. average of England, and why 
should 3,000 lb. crops on garden lands be infrequent ? 
We have so many Co-operative Societies starting all over 
India. It is to be hoped their first endeavour will be to 
urge their members to purchase manures, so that their 
harvests may increase, and the foundation be laid of the 
luture prosperity of the country. 
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At Rothainsted wheat has been growing on the 
same land for 70 years. 

The results obtained are : — 

1. On the calcareous clay loams of Rothainsted the 
unmanured plot of wheat continues to produce 10 to 15 
bushels of wheat per acre, a constant yield. 

2. 14 tons of farmyard manure averaged 33 bushels. 

ii 

3. The continuous application of nitrates and am- 
monia salts raises the yield considerably above the 
unmanured plots, but exhibits palpable signs of exhaus- 
tion. Average yield in 32 years 20J bushels above the 
unmanured plots. 

4. A mixture of nitrogenous and mixed mineral 
manures, compounded to represent a complete dressing, 
calculated to restore and add to the stock of plant -food 
in the soil, maintained a yield of 32 to 3(3 bushels per 
acre for 82 years, 

5. When only mineral manures were used one year 
and ammonia and nitric acid and salts the next on the 
same plot, the year mineral manures were used alone 
they were only slightly better than the unmanured plots ; 
but when the ammonia or nitrate was used the harvest 
that year i ashed up to the level of the completely 
manured plots, showing (a) that the minerals were re- 
tained in the soil beyond the year in which they were 
put in. {b} and that the ammonia and nitric acid salts 
were not retained longer than a year. 

6. When dung is applied continuously to land, the 
accumulation of unexhausted fertility becomes very large, 
and the removal by crops of the substances accumulated 
would extend over a long series of years. 
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The area under wheat, in India, according to the 
Agricultural Statistics of 1904-05, was over million 
acres. We have seen the large net profit made by the 
use of complete well-balanced fertilizers: allowing an 
increase of only Rs. 5 per acre, we get the enormous 
extra net profit of Rs. 115 millions. This is certainly 
no trifle and is worth the attention of the leaders of 
public opinion in India. True patriots ought to give 
their attention to the Banks that will improve Agricul- 
ture. With a change in the peasants’ lot, Swadeshi 
enterprises must start up as a natural consequence, and 
education must of necessity accompany them, so that 
the Indian Politician, who looks a little ahead, instead 
of considering Agriculture as a question to be attended 
to at some distant date, when a greater political freedom 
will have been attained, will do his best to introduce 
true scientific farming, confident that, with the increase 
of wealth and education, he can speak of the wants of 
the country, backed by the great majority, the millions 
engaged in Agriculture. 

From the Rothamsted results we see clearly that 
the crop is doubled and trebled by heavy cattle manur- 
ing, that mineral manures mixed with cattle dung are 
productive of as good results, and that a complete man- 
ure invariably brings a good harvest, while incomplete 
fertilizers often show returns little better than the 
unmanured plots. 

That the unmanured plots after remaining unferti. 
lized so many years should still yield a wheat harvest 
equal to the average crop in India, is not to be wonder- 
ed at for the tillage on so well-conducted a farm is of 
the best. Time will yet tell its tale. The harvest must 
and will decline further. Seventy years is not a large 
25 
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span in the productive life of a soil. We cannot, from 
these returns, lay it down as a rule that land deteriorates 
to a certain point only and then gives stationary returns. 
At the present day, in India, we have wheat-fields that 
barely give back the seed planted. We fear that a great 
deal of land in this country is rapidly reaching this 
stage and that manuring alone will restore to it some- 
thing of its pristine fruitfulness. But where is the 
manure' to come from. Cattle dung is admittedly in- 
sufficient and ]h:)Oi in «]uality and the oil-cakes, that 
should serve either directly as fertilizers or indirectly as 
such aftei* fattening the cattle, find their way more 
and more to the markets of Europe. Bone is exported 
in enormous quantities, and the saltpetre that should 
prove so efficacious as a nitrogenous and potassic 
manure c()mbin<*d, is lost to the peasant when it reaches 
the gunpowder manufacturer. The raiyats singly have 
not the means to purchase tliese, but combinations 
amongst them, aided by C(‘ntral Banks, will yet be th(‘. 
imrans of obtaining for them the scarce but very neces- 
sary manures for which these lands cry out. A walk in 
the country will convince any one of the absolute 
necessity for manures. A look into the Government 
reports on the incidence of taxation fully confirms this, 
and the returns of Government Farms where complete 
mannres are used* prove it completely. 

Practical experiments such as are to be found in th- 
chapters on rice, show the profit to be obtained from the 
scientific use of well-balanced fertilizers and prove only 
too clearly how much more can be obtained from the 
land by farmers who mean to make a living on their farnr^ 
instead of eking out a bare existence by the old methoc- 
to which poverty had restricted them. Any villager wid 
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point out lands that have deteriorated under his eyes and 
will admit that, with manures at his disposal, he could 
make them pay well. The question to be settled is 
whether, as matters now stand, the chief necessity of the 
raiyat is the means to obtain these necessary fertilizers 
and the knowled^^e of those which chemistry has shown 
to be so beneficial in modern intensive farming, or if 
a supply of the latest pumps and ploughs found suit- 
able in western lands will meet the requirements of 
India and bring about that revival of farming that has 
been witnessed in Europe during the last generation. 
Those who know the Indian peasant best admire his 
wonderful knowledge of seeds and sowing time and 
tillage and are the last to recommend tuition to him on 
these subjects. Such blunders have been made in the 
past that it is advisable to peruse old records and carefully 
weigh every suggestion before astounding the Indian 
farmer with what he must consider the most absurd 
advice. 

In a land where cattle manure is insuliicient, whore 
the heap is badly kept, and the dung for many months of 
the year is used as fuel, it is not to be wondered at that 
dry crop fields are not manured for years, and, when 
this has gone on for centuries, it is scarcely far-fetched 
to conclude that the land has deteriorated and continues 
to deteriorate. The harvests prove it and the poverty of 
the people cries it aloud. And yet we are asked for 
proofs of the land’s deterioration and doubt is cast on 
the necessity for artificial fertilizers. 

Any way, we know that manures improve the 
crops ; we know also that, where cattle manure cannot 
be obtained in sufficient quantities, artificials take their 
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place and give splendid returns ; and if we wish to bene- 
fit the Indian raiyat, we should first show him the way 
to increase his crop, as is done everywhere else in the 
world. This managed, he will be ready to sit at 
anyone's feet to learn scicnitific farming, or anything 
else that will benefit him. But, in the name of common 
sense, show him a profit first, and do not expect to 
convc'i’t him by railings at and condemnation of every- 
thing he has hitherto considered good farming, and learnt 
by practical experion">e to appreciate. 

In this country of irregular monsoons what the 
raiyat most wants is a well that will not run dry in 
seasons of partial rainfall. One of the difficulties lies in 
th(i fact that he often digs a groat big hole, comes upon 
rock when most of his money is expended, can get no 
further credit and is ruined for life. Dr. Mann's suc- 
cessful trials with the water-find('r should be followi^d 
up and holes made with Musto’s patent well-borer to 
ascertain if a sufUcient supply may* be obtained at a 
depth that will pay the farmer. In the towui of Baichur, 
where drinking water was badly needed, a bore through 
‘dO feet of rock in no less than three places in or near 
the town produced good drinking water in plenty. In 
Hyderabad well sunk 40 feet through moorum un- 
covered a hard rock and not a drop of water. The borer 
was used, a spring was tapped after going 10 feet 
thremgh the rock and the water rose to a height of I 
feet a\>ove the bottom of the well. 

Near villages a number of such bore-holes might be 
made and dry be thus changed into garden-land. This 
would be the best means of staving off famine. Wheat 
and bajra would save the people in times of scarcity and 
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protect the cattle at all times from the danger of infec- 
tion to which they are exposed by being driven off to 
grazing grounds with the weak and sickly animals that 
are easily subject to disease and invariably spread it. If, 
at the same time, the veterinary department could ex- 
plain by means of illustrated charts and cinematograph 
shows how the germs of disease multiply and spread^ 
the peasant would gladly call in the aid of modern 
science whenever epidemics threatened to wipe numbers 
of the cattle off the land. Oxen are the mainstay of 
our peasants in India and whatever is done to protect 
and improve these advances the cause of Indian agri- 
culture. With the spread of belief in veterinary science 
cattle insurance would follow, at first aided by the State, 
till in course of time the co-operation with which Europe 
is blessed would show similar wonderful results in India. 




SUGAR-CANE. 


Already in the time of the Romans India was known 
for its sugar. Pliny tells us of a sweet salt obtainable 
from India and used in his time medicinally. It is evident 
that the cane was grown here from time immemorial 
and that refined crystallized sugar was made long ago in 
India. All over the country the natives grow the cane, and 
at present the attention of planters in Bengal has been 
called to the profits to be derived from the cultivation of 
this plant. Large tracts have been experimented on 
with great success, and all the forces of modern know- 
ledge will be brought to the help of the sugar grower. 
Lt is time the natives brought science to their aid in the 
management of their sugar farms. Already the com- 
plaints are many and loud of sickness and failure in the 
crop, and, as years go by, the losses will be lieavier. It 
is the old story. The soil has been overtaxed and refuses 
to give a return for the outlay. 

By persistent effort and scientific methods the 
sugar beet has been wondtn-fully developed, so that five- 
eighths of the world’s supply of sugar is derived from it. 
While this improvement of the beet industry has been in 
progress, the cane, in many countries, has received little 
or no attention. Prices of sugar have declined, but the 
cost of producing it in the old way has remained the,same. 
The natural result was that, in many cases, the sugar 
planter did not realise the real conditions confronting 
him until he found his profits gone and his estates encum- 
bered with debt. Fortunately some countries and some 
planters more wise have been modern, progressive, and 



libreast with the advanced thought of the age, and these 
ii<; to-day leading the world in the production of sugar. 

In India nitrogenous manures are used to a very 
lair ext(‘nt, but phosphoric acid and potash are seldom 
employed : and even the nitrogenous fertilizers used con- 
tain such a (juantity of salts that the end for which the 
cane is grown can scarcely he obtained, because one per 
cent, of common salt renders 1‘2 per cent, of sugar 
d(diquesc(mt. The canes may look large, thick and 
juicy, V)ut comparatively little sugar is obtained. 

With combination and co-operation on the part of 
the sugar growers and a system of manuring based on 
scientific principles, India might supply the world with 
sugar. But if sugar cultivation is to spread the Ahkari 
system must be changed. It is not a question at present, 
of small sugar factories or great central refineries. As 
long as tlie sale of liquor is confined to certain contrac- 
tors, to whom the right is auctioned, the present need 
of small refineries along the banks of canals will not be 
met. A very heavy item in all sugar factories is the 
(piantity of molasses to be dealt with. Wliilst the sale of 
li(juor is restricted to the one licensee, profit on the rum, 
manufactured cannot be depended on. Government 
miglit possibly find it dilficult to receive anddisposeof this 
important by-product ; but till it can be sold in an open 
market, at a fairly remunerative price, sugar-refining in 
India, must languish, and hundreds of thousands of tons 
will annually find their way into Hindus taufrom Germany 
and Austria. Once, however, the Abkari question is settled 
in a way that will not prejudice the inrerests of the sugar- 
refiner, factories will dot the land, a very great impetus 
will be given to sugar-growing, and, instead of importing 
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/ast quantities of sugar, India will become the largest 
xporter of this product. 

In this country the cultivation of sugarcane is 
iiuited not only by the poverty of the people and the 
^supply of water for irrigation, but also, and to a very 
[,oeat extent, by the inability to procure a sufficiency of 
manure and ignorance of artificial fertilizers tliat 
should be added to cattle-dung to make the manure 
complete and well-balanced. 

Owing to the ravages of white ants the stable 
manure must not only be weli-rotted, but must remain 
exposed to the atmospliere and weathered during the 
rains ; for the termite attacks not only the cane but 
consumes a good deal of the manure also. Of course 
the value of the manure must suffer considerably from 
such exposure and depreciate to a great extent, but this 
is better than having the canes eaten. Mr. K, 0. 
Ozanne, writing of the Bombay Presiden(;y, says the 
dung of cattle, mixed with house sweepings and other 
refuse, is the chief manure for cane, as indeed for all 
other crops. In Guzarat and Canara great care is taken 
of the muck heap. Elsewhere apathy and ignorance 
prevail. 

This may be said of the whole of India with rare 
exceptions. 

From 150 to ‘200 maunds per acre and even, as 
iuuch as 400 maunds are used in various parts of the 
country. 

In the neighbourhood of large towns poudrette is 
extensively used especially around Poona, Sholapore, and 
hinednuggar ; but, according to Watt’s Dictionary of 
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Economic Products, “this has become too popular and the 
cane cultivators would do well to use it rather as a sup- 
plementary fertilizer than as the sole manure.” 

In all such cases the nitrogen appears to be the 
only food looked to, and it is rarely we come across any 
attempt to supply phosphoric acid or potash. In some 
places as in Bassein, North Thana, where the climate is 
too moist and the cattle-dung is demanded for rice culti- 
vation, castor* cake imported from Guzaiat is the only 
manure. Castor-cake is also used in considerable 
quantities around Samalkot and along the East coast in 
the Madras Presidency, In some parts sheep and cattle 
are penned in the fields that arc to be placed under cane, 
and in others the ashes of the crushed cane and similar 
materials used as fuel in making sugar are returned to 
the land. Mr. Wray, a West Indian planter, strongly 
condemned this, but I have never found the native of 
India wrong in the choice of his manures when he can 
obtain them, and a closer investigation will prove that it 
is the cheapest way of obtaining the potash the soils of 
those districts sadly need. In certain Provinces of 
Bengal unburned cowdung is never used, as it is believed 
to stimulate the growth of the canes, which thus become 
liable to fall down, and the natives there are convinced 
that, though it produces a larger quantity of cane-juice, 
the juice is, however, much less sweet in consequence* 
And this is quite in accord with the teachings of science. 

, Latge quantities of cattle manure will contain a certain 
j amount of salt which improves the growth of the cane 
j wonderfully but reduces the quantity of sugar contained 
in the juice. The Poona district growers should bear 
this in mind. Unfortunately for them the Government 
experiments have shown splendid growths of juicy canes 
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by the use of enormous quantities of cowdung and 
poudrette, which was a waste of nitrogenous manure and 
certainly did not produce a corresponding quantity of 
sugar. 

It so happens that scarcely anywhere in India is it 
settled what is meant by raw sugar. In the West 
Indies it is generally said that the yield of crystallizable 
sugar is two to three tons per acre in Java, 3 0, 
in bJgypt 2*’2, in Queensland 1*6. In India, the average 
given for coarse sugar is one ton per acre ; but, it what 
is meant by coarse sugar, is gur, the actual yield of 
refined sugar in India would be little more than one- 
third of a ton. Reports on sugar one hundred years 
ago show refined sugar obtained per acre as 9 cwfc., 
which would be about 27 cwt. of gur. 

The yield of cane to the acre is 36 tons in Java, in 
Queensland 16, in India 15 to 20 tons. 

But it is still dilfioult to arrive at definite figures as 
to sugar when reports, are given concerning the outturn 
in gur, which is of different qualities containing varying 
amounts of molasses. There is little to wonder at in the 
poor returns of raw sugar when we consider that, to 
obtain the necessary amount of phosphoric acid and 
potash, the crop must be so heavily manured for nitrogen. 
The result is not only a great waste of nitrogen, the 
costliest ingredient of a manure, but an accumulation of 
salts which the sugarcane, greedy feeder that it is, takes 
up with the other plant-foods. It the Straits Settle- 
ments, Demerara and Louisiana, as well as in India, 
lands impregnated strongly with saline matter produce a 
cane which grows most luxuriantly but the juice is 
affected very prejudicially and consecjuently the sugar 
made from it. Many writers have pointed out that the 
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presence of '' reW or other salts in the soil, beyond 
a certain proportion, invariably results in a watery 
juice, deficient in crystal li/able matter. Mr. Wray 
mentions that, in Province Wellesley, he had “ known 
sugai that was quite salt produced the first year from 
such land, and on this account sugar estates on the 
Sunderbunds had to be abandoned.” 

In all experiments, wherever made, it is found that 
on ordinary soils, the highest percentage of sugar is 
obtained from unmanured soils, but the quantity of 
caue is of course small. 

It should be the object of the sugar-grower to use 
such manure as will give the very highest return of cane 
and juice containing at the same time the highest per- 
centage of crystallizable sugar. 

For nitrogenous manures green manuring is resorted 
to in many parts of India. If, to obtain a plentiful 
supply of this, phosphoric acid and potash were applied 
to the green manure crop, there is little doubt it would 
prove an excellent fertilizer. Phosphatic manures are 
unknown to the peasant, and the trials made with them 
by Government ollicials in the Bombay Agricultural 
Department were so ridiculous that the scientific world 
would be too astonished even to smile were the experi- 
ments more widely known. 

Four tons of bone xised alone, or, still worse, 4 tons 
of* superphosphate per acre, used for the nitrogenous 
contents, mirahile dictu, have been gravely reported on 
as inefficient. On^. would think so. As to potash, though 
it is used in the shape of ashes, wherever there is a fair 
supply obtainable, by the raiyat, we find scarcely a 
mention of it in the Government reports, notwith- 
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standing the excellent results obtained from its use in 
various parts of the civilized world. 

According to the report of the Department of Agri- 
culture, Bombay Presidency, for tlie year 189 f the 
weight of manure to be applied to each plot is to be 
regulated by the percentage of nitrogen it contains. 
Equivalent weights of nitrogen to be applied to each 
plot. The percentage of other elements of value will 
be known, and any marked difference between the plots 
will no doubt be traced to the value of elements other 
than nitrogen. Count will be taken of these differences, 
and deductions will be made which will eventually regu- 
late the manner in which two or more manures may be 
mixed with the object of reducing cost and getting 
equally good results. Poudrette has been taken as a 
basis, and of this manure Pi tons per acre have been 
given — the quantity used in the district by the best 
cultivators of sugarcane.” 

Here we have a (piestion of nitrogen alone being 
taken into calculation, with the pious hope that “ the 
value of elements other than nitrogen will be traced,” 
but how traced and to what, the soil or the manures or 
the crop, we are left to guess. The practice of the 
cultivators is taken as a basis or standard and there is 
little question of scientific experiments. The law of 
minima appears to be absolutely ignored, the value of 
potash as a carrier of nitrogen, unknown, and the 
benefits to be derived by the use of phosphoric ac\d in 
the formation of sugar unthought of. Muck, and plenty 
of it, or other manures containing as much nitrogen, keep 
the attention. That a reduction of expense could be 
effected and an improvement of the harvest by the use 
of less nitrogen and some phosphoric acid and potash 
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does not appear to strike those concerned in these 
experiments. Sufficient for them is the fact that cattle 
and farmyard manure in fairly large quantities are used 
by the best and wealthiest farmers around. It may also 
have struck the experimenters that the manure in 
question is complete — though that is doubtful ; but 
whether it is well-balanced for the particular crop in 
(piestion does not seem to have entered their minds. 
Considering that the manures were chosen for the 
amount of nitrogen they contain, we are not surprised 
to find them both incomplete and ill -balanced, when 
they are substituted for cattle-dung. Bonem(;al would 
supply no potash, dissolved bones neither potash nor 
nitrogen worth mentioning. Yet such are used in 
experimental plots. “ Farmyard manure and cattle- 
dung were applied before they were thoroughly decay- 
ed with the result that, although according to analysis, 
they contained each one per cent, of nitrogen probab- 
ly more of it immediately available,” (sic) the young 
cane was starved for a time.” And from this a practical 
lesson is learned. We are inclined to ask: — 
“ By whom V ” 

On page 14 we find a statement that sugar-cane 
refuse is of little value as a manure, and this is based on 
an experiment in which bones (whole, crushed, bone- 
meal, or dissolved bone is not stated), sugarcane refuse, 
ash,^.and urine were applied. The results are said to 
bear out a widespread belief held by cultivators that the 
refuse ash obtained during the process of gul-makiug is 
practically worthless as a manure. And this decision is 
reached merely from the germination of the crop, before 
the harvest can possibly be known or guessed at. 



399 


The worthlessness of the next yeai’s experiments 
with ‘ ‘ comparative manures', is published in the 
words : — “ The reputed percentage of nitrogen in the 
manures used differs greatly from actual percentage.” 
We must bear in mind that the manures were rated 
according to their reputed nitrogenous contents alone. 
How great these differences are will surprise any one 
acquainted in any degree with ordinary analyses of 
concentrated fertilizers, and be scarcely credited by aijy 
one connected with model or experimental farms, or 
scientific farming. 

Dissolved bones, i.e., superphosphate from bone- 
meal averages 0*5 per cent, nitrogen. The amount of 
nitrogen in 3,520 lb. superphosphate would be, 
according to this, 17*6 lb. of nitrogen ; but page 82 
shows no less than 130 lb., or seven times as much. 
Again 3,520 lb. dissolved bones and 1,290 Jb. of saltpetre 
give, according to the statement on page 32, no less 
than 250 lb. of nitrogen. This presumes 130 lb. of 
nitrogen in the dissolved bones and leaves 120 lbs. for 
the saltpetre, or 9-3 per cent., a very crude saltpetre, 
containing no doubt large quantities of common salt, 
which, though it may help to make the canes large and 
juicy and fit for eating, must detract considerably from 
the power of the plant to form crystallizable sugar. 

As nitrogen is supposed to be the plant-food govern- 
ing the results in these experiments, our attention is 
naturally attracted to the plot treated with dissolved 
bones. According to the report, the 6 tons of super- 
phosphate contained 434 lb. of nitrogen. The usual 
analysis would show 67*2. The weight of canes was 
80,325 lb. of tops 17,005, and of gul 9,870 lb. Evidently 
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nitrogen was not the controlling factor in this harvest. 
The fish manure 5 tons was supposed to supply 000 lb. 
of nitrogen at the rate of 5*3 per cent, against a later 
analysis of 9*30. The nitrogen should therefore be 
nearer 1,052 lb. per aere. The harvest was 105,490 lb. 
of stripped canes, 14,335 tops, and 13,400 Ib. of gul. 

Here we have an expenditure of 67 lb. of nitrogen 
against 1,052 lb., and yet no note is made of the other 
chief ingredients of plant-food that must have aided the 
small amount of nitrogen in the dissolved bone and the 
larger supplies in the soil to result in a harvest of 9,870 
11). of gul. 

In the plot manured with bones fermented with 
sugarcane ashes and urine, there is a remarkable result 
which passes quite unnoticed in the report. Potash is 
well known as a carrier of nitrogen. A great deal of it 
settles in the tops of the canes, which is not the case 
with phosphoric acid. The plot in question had stripped 
canes 47,950, tops 11,175 as compared with fish-man- 
ured plots 195,490 lb. stripped canes, and 14,33-1 tops, 
i.e., with only 40 per cent, of a harvest in cane, it 
showed 70 per cent, in tops. In the notes not a word 
of reference appears about the potash and its patent 
effect ; everything said is about nitrogen. 

When from this single experiment without even a 
check plot, we get the decisive conclusion : — ‘‘ The 
results are considered conclusive and this plot will be 
utilised to test the value of one of the edible oil cakes 
as a manure in the reserved scheme,'’ we are not pre- 
judiced in favour of any other deductions made from 
the results of these experiments. 
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The very experiments before us prove that nitrogen 
alone, though an important plant-food constituent in 
the manure required by the sugarcane, is certainly not, 
and cannot be the determining factor in the sugar 
harvest. The following are results taken from the 
report (except that the real and not the imaginary 
amount of nitrogen is placed after dissolved bones) : — 


Nitrogen 
Dissolved Bones 67 lb. 

Castor Cake 46‘2 „ 

Karanj Cake 441 „ 

Cattle Dung 43 tons 


Canes. G-ul. 

80,325 lb. 9,870 lb. 
95,830 „ 12,235 „ 

80,600 „ 10,640 „ 

50,510 „ (5,115 „ 


The dung was supposed to supply one per cent, 
nitrogen, or considerably more than is found in that of 
ordinary cake-fed cattle, and consequently amounted to 
over 963 lb. Yet, with the greatest amount of nitrogen, 
it produced a miserably poor harvest. 

In another experiment with 3 tons of dissolved 
bones and 1 ton of saltpetre the harvest resulted in 
105,735 lb. cane, 13,975 lb. tops, and 13,225 lb. gul- 
though the actual supply of nitrogen was only 291 lb. 

It is admited “ Dr. Leather has proved that the 
amount of nitrogen is about five times as much as is 
taken up by a very heavy cane crop,” but as if it were a 
satisfactory explanation of the great waste of nitrogen, 
we find the words added : — -'‘It is less than that contained 
in a full dressing of poudrette or cattle-dung as given by 
the best cultivators ir the district.’' 

It does not appear to have struck any one connected 
with the farm that such enormous supplies of manure 
were required on account of the Law of Minima, and the 
26 
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phosporic acid and the potash requisite had to be supplied 
by the cattle manure even if the greater part of the cost- 
ly nitrogen were to be wasted in the drainage water. 

To take as a standard the amount of nitrogen found 
in the cattle manure used by the best and probably the 
wealthiest kunbis and to stick to this in spite of analyses 
of the harvest and of the manure does not show a scien- 
tilic spirit. It is more than probable that a tar smaller 
quantity would have been used by the Indian farmer 
could he have found ashes cheap enough for a potash 
supply. In tlie report of the (xovernment Tests for the 
Incidence of Assessment we see tliat this has been done. 
At any rate, it is difficult to learn what object is aimed at 
when such enormous quantities of nitrogenous manure 
are placed on the fields. On good black soil in the 
Satara District in the Krishna valley, growing garden 
crops and sugarcane, tobacco and chillies, 15 cartloads of 
farmyard manure were added for the year, and the 
harvest of gul fioin Pandia was 11,812 lb. in 1800-91. 
Of course, manures had been used for previous crops, and 
the land was rich. But in the reports before us little 
note is taken of previous manuring in the calculation of 
results. No analysis of the soil is made to learn what 
quantities of nitrogen or any other constitiumt of plant- 
food was left from the previous fertilizing. Poudrette, 
containing 428 lb. of nitrogen for American sugar sor- 
ghum, is followed by 44*6 tons of poudrette, containing 
1,000 lb. of nitrogen for sugarcane. Considering the 
amount of nitrogen taken up by the crop, it is a woeful 
waste and extravagance. Again poudrette, containing 
847 lb. nitrogen for cane, is followed by 8*3 tons of 
safflower cake containing 500 lb. of nitrogen. The plot 
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manured with fish, containing 500 lb of nitrogen had 
been previously manured with (>00 lb. of nitrogen per 
acre. It is little wonder that we arc inclined to respect 
what was said by Mr. Townshend many years ago, when, 
expressing his general disapproval of attempting to bene- 
fit the cultivation of the', country by means of (xovei’ii- 
merit Farms, he added that “ (lovernment Farms were 
managed on a scale of expense tliat it was useless to 
expect that the? raiyat would emulate.” 

To see how nothing practical has been gained on the 
farm by tluj use of incomplete fertiizers, we must merely 
add to the list or results that mentioned heforij as having 
been obtained from a raiyat’s land in Satara, 181)0-9.1, 
and the comparison will need no commimt. 


Plot. 

1 Poud rotte 

2 Safflower 

3 Mowra Cake 
() Cotton seed 

7 Fish 

8 Castor Cake 

9 Karanj Cake 
Satara F arm 


(4ul 

U-b tons. 10,737 lb. 
3*3 „ 12,320 „ 

8-0 „ 7,725 „ 

7T „ 10,280 „ 

2-9 „ 11,900 „ 

5- 9 „ 9,820 „ 

6- 6 „ 9,770 „ 

15 cartloads 11,312 ,, 


That the raiyats do not restrict themselves to cattle 
dung and farmyard manure is well known. In Khajurdi 
green manuring is also resorted to. At Bassein castor 
cake is used. The examples above are therefore not new 
to the Indian sugar-grower except as to the (juantity 
used and the expense undergone. 

Beginning with 500 lbs. as tlie minimum quantity 
per acre necessary for a good crop of sugarcane, a modifi- 
<;ation is made in the year 1902, When 400 lb. becomes 
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the standard. In 1905-6 this is still further reduced to 
350 lb. ; but to judge from the experiments upon which 
the decision is founded the figure might as well have 
been fixed by blind guessing. 

Year after year we have the same trials with nitro- 
genous manures and no where do we find the analyses 
correct. The nitrogenous contents of the manures are 
supposed to be the same in all the plots, but de facto vary 
from 40 lb. to i2L0. 

With the introduction of the Sewage Experiments 
at Manjri we have Dr. Leather’s analyses ‘‘ showing the 
weight of plant-food in the crop.” 


Description. Weight. Nitrogen. Phosph. Potash. 



in lb. 

lb. 

acid. 


Clean cane 

98,000 

44-25 

49-15 

15-730 

Green tops 

14.840 

29-83 

15-88 

91-71 

Dry leaves 

12,. -570 

57-19 

15-,58 

109-35 

Total 

125,710 

131-25 

83-61 

216-790 


Yet we find that for a crop of 101,331 lbs. of sugar- 
cane which, was estimated to require 124 lb. nitrogen, 
77 lb. phosphoric acid, and 344 lb. potash, the plant- 
food estimated to be supplied by the effluent amounted 
to 735 lb. nitrogen, 353 lb. phosphoric acid and 274 lb. 
potash. In other words there was a deficiency of 70 lb. 
of potash, whilst the excess of phosphoric acid and of 
nitrogen amounted to 276 and 611 lb. per acre respec- 
tively. 

These analyses, however, were productive of some 
good. Though, in the experiments carried out in the 
year 1903, there were two whose results should have 
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struck the official in charge, tliey seem to have been 
passed over in silence. Plots S and 4 were treated with 
bonemeal and with dissolved hone, respectively, as 
usual for the nitrogen they contained. 2, *240 lb. per 
acre would allow 86 lb. of nitrogen from the bonemeal, 
and only 11 lb. from the dissolved bone. Yet the Gul 
harvest was 1,980 lb. from the plot getting 86 lb. nitro- 
gen, and 8,575 lb. from the plot getting ii lb. nitrogen. 

But the next year introduces trials with manures 
other than nitrogenous. Again the idea of a complete 
manure seems unthought of. One plot manured with 
phosphoric acid and potash, but having no nitrogen, 
yielded 8,78(S lb. of gul of excellent quality. A compari- 
son is made between this and another manured with 
550 lb. nitrogen contained in farmyard manure and 
safflower cake. Yet this appears to have been done be- 
cause phosphoric acid and potash, without nitrogen, were 
successful with Lucerne. Sugarcane is surely not a 
leguminous plant th be left without nitrogenous manure 
merely because this treatment suits Lucerne. 

The minimum quantities of various plant-food in- 
gredients essential for a good sugarcane soil have, with 
the exception of lime, not as yet been determined. 
Semlar, in his “Tropical Agriculture, “ Vol. Ill, page 
224, states that the soil shoiid contain at least one per 
cent, of lime. Nitrogen, phosphoric acid and potash 
should be applied artificially in almost every case, as the 
supply of these ingredients in the soil soon become 
insufficient for the needs of the crop. Sugarcane 
requires a considerable amount of the essential plant - 
food ingredients as shown by the detailed investigations 
of Mr. C. J. van Lookeren of Campagne Klatten in the 
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“ Archief vool- de Java Suiker Industrie ” 1893, page 397* 
This gentleman found that a crop of cane removed from 
the soil. 


Nitrogen. 

Potash. 

Phos. 

acid. 

Lime. 

In 78,701 lbs. cane 

ready for crushing... 

40-y 

85-0 

40-1 

16-1 

In 54,30n lbs. tips and 

green leaves 

10-5 

83-5 

5-0 

4-9 

In 9,523 lbs. dry leaves 

‘28-9 

52*6 

7-8 

50-6 

Total 

75-8 

1711 

52*9 

72*0 


This table gives us a striking illustration of the use 
made by the plant of various fertilizers. The tips and 
green leaves and dry leaves requir'd 34*4 lbs. of the nitro- 
gen, whilst the cane takes 40*9 of the nitrogen, an equal 
quantity of potash is re(|uired for the leaves and cane, 
and more than three times the amount of the lime that 
goes to the cane remains in the leaves. The phosphoric 
acid, however, settles in the cane for the crystallization 
of the sugar, 40 lbs. serving for this purpose, against 
1'2*8 lbs. for the leaves. It is not surprising then to 
find that in Luzon in the Phillipines, where the largest 
and best sugar producing canes are found, the soil is 
exceedingly rich in phosphoric acid. 

By comparing the table given above with the require- 
ments of rice we find how much more plant-food is 
taken from the soil and consequently how much heavier 
manuring it requires. It will be seen that the amount 
of phosphoric acid required by sugarcane is, relatively, 
unusually great, and the work done by the phosphoric 
acid, in increasing the return of sugar when compared 
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with the weight of cane, is also very remarkable. Just 
as patent is the heavy drain of potash on the soil. Yet 
anyone who has visited sugar plantations in India must 
notice the comparatively heavy fertilization with nitro- 
genous manure and the almost total absence of those 
containing phosphoric acid and potash. 

In the Tropical Agriculturist ” of Ceylon for April 
1902, a periodical of the greatest interest and importance 
to all engaged m agriculture, we find a quotation frojii 
the Agricultural Journal *’ of February 1st, sliowing 
the plant-foods removed from the soil by seven different 
plants. It is decidedly instructive, telling us only too 
plainly what a terrible feeder the sugarcane is — 


Plant. 

Nitroge ri. 

Phos. acid. 

Potash. 

LillK! 

Sugarcane 

127 

44 

298 

71 

Wheat 

43 

3:5 

8(5 

16 

Barley 

47 

23 

5t 

1 1 . 

Maize 

61 

1 

81 

(5(5 

14 

Rice 

41 

2(5 

(58 

10 

Potatoes 

2(5 

13 

48 

2 

Cotton 

54 

1!) 

40 

25 


The continual planting of sugarcane exhausts the 
soil very rapidly, causing first a deficiency of nitrogen, 
then of phosphoric acid and lastly of potash. 

Basset has compiled a mass of data regarding the 
composition of the sugarcane and of the various parts 
of the plant. These go to show that for every ton of 
canes harvested, B'OfiS lbs. of nitrogen and 29*608 lbs. of 
mineral matter are, on an average, removed from the 
soil. 
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Taking Basset’s calculations as a basis and disregard- 
ing those constituents which are present in sufficient 
quantities in all agricultural soils, we arrive at the follow- 
ing theoretical composition and proportions of the plant- 
foods removed by an average crop of 40 tons per acre : — 

Nitrogen ... ... 122*72 lbs. 

Mineral matter — 

Phosphoric Acid ... 99*80 lbs. 

Potash ... 3()6‘40 „ 

Lime ... 87*20 ,, 

Magnesia ... 09*40 ,, 


022 80 
745*52 

l)Ut if, as should be the case in any economical sys- 
tem of cultivation, the tops, and leaves and thrashing of 
the canes, and the skimmings and residues of the sugar- 
house be restored to the soil of the plantation, the lime 
and magnesia may, in the case of soils fairly rich in 
lime, be left out of sight, and the necessary provision of 
nitrogen, potash and phosphoric acid will be reduced to 

the quantities removed in the canes themselves. 

• 

Having recourse again to the data furnished by 
Basset, we find that these quantities are approximately 
as follows : — 

* Nitrogen ... ... 40 lbs. 

Potash ... ... 80 „ 

Phosphoric Acid ... 37 „ 

Thus, on a careful but liberal estimate, in ordei; to 
make provision for the production of a minimum crop of 
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40 tons of canes pei- acre, we have to supply to the soil 
of the plantation annually ; — 

Nitrate of soda (in two or more applications) 400 lbs. 

Sulphate of potash ... ... 200 „ 

Superphosphate of lime ... ^ 

(16 per cent, phosphoric acid) ) ” 

Obviously, this formula must be modified to corres- 
pond with local circumstances of the soil and climate, 
and to the variety of cane grown. 

Prom carefully carried out experiments of various 
manures in Java we can draw up a table of comparison 
concerning their efficacy for sugarcane : — 




Sugar 

Analysis 


Weight 

obtained 

of juice 

P'ertilizers applied 

of cane 

from 1 acre 

percent- 

per acre. 

per acre 

at 75% 

age of 

• 

in lbs. 

pressure 

sugar 

Plot 


in lbs. 

per cent. 

1. No fertilizer 

,, 41,082 

5,037 

19*04 


4. Bonemeal 286 lbs. 
and sulphate 

of ammonia 178. 55,563 (),532 18*29 

11. Earth nut cakes 
1,180 lbs. and 398 

lbs. acid phosphate , 

(30 per cent.) ... 97,668 11,333 18*19 

10. Earthnut cakes 
1,180 lbs. and 315 
lbs. sulphate of 
potash .. 110,103 


11,097 


16*23 
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Sugar 

Analysis 


Weight 

obtained 

of juice 

Fertilizers applied 

of cane 

from 1 acre 

percent- 

per acre. 

per acre 

at 

age of 


in lbs. 

pressure 

sugar 

Plot 

16. The above and 

898 

in lbs. 

per cent. 

lbs. acid phos- 

phate 

... 114.0;1B 

12,041 

16-7(> 

17. Karthnut cake 

only, 1,574 lbs. 

... 125,0.51) 

12,277 

1519 


Though fclie earfchnnt cake in large quantities gave 
an iiiimense retiu’n in cane, it is particularly noticeable 
how low the percentage of sugar works out in the ana- 
lysis of juice, whilst small (juan titles of bone, acid 
phosphates and potash show a V(U‘y high return. As 
1,180 lbs. of earthnut cake contain ItS lbs. of potash and 
15 lbs. of phosphoric acid, it will explain how the per- 
centage of sugar was. not lower, am? liow beneficial it 
was to the growth of the plant. Plot 20 with potash and 
phosphoric acid added gave the highest return, viz. : — 
118,608 lbs. as the weight of the cane, against 114,6671bs. 
12,986 lbs. of sugar, against 12,592 lbs.; and 17 07 as the 
percentage of sugar, against 15‘69. 

fijxperiments in Honolulu with plant cane and first 
year rattoons gave, per acre, from different combinations 
of fertilizers : — 


Besult of experiments on plant cane harvested in 1890. 


Kind of fertilizer applied. 

lb. of cane 

% sucrose 

lb. sugar 

per acre. 

in cane. 

per acre. 

Unfertilized 

140,880 

1552 

21,832 

Nitrogen 

172,040 

15-12 

25,46» 
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Kind of fertilizer applied. 

lb. of cano 

% sucrose 

lb. sugar 

pec acre. 

in cane. 

per acre. 

Phosphoric acid 

144,480 

1515 

21,842 

Potash 

171,280 

14-73 

25,201 

Phos. acid and nitrogen 

170,040 

14-41 

24,466 

Potash and phos. acid 

170,120 

14-73 

25,041 

Potash and nitrogen ... 

182,200 

14-95 

27,230 

Potash, phos. acid and 




nitrogen 

171,520 

14-89 

25,493 

Result of e.r per intents on 

rattoons harvested in 

LOGO. 

Unfertilized 

120,424 

lO'Oo 

21,086 

Nitrogen 

174,030 

14-10 

24,031 

Phosporic acid 

141,715 

15-05 

2-2,039 

Potasli 

151,780 

15-8 

2-6, 

Phosphoric acid and 




nitrogen 

210,101 

13-53 

28,463 

Potash and phosphoric 




acid 

153,063 

11-55 

-22,-272 

Potash and nitrogen ... 

222,134 

13-85 

31,008 

Potash, phos. acid and 




nitrogen 

221,297 

18-30 

29,205 


The fertilizer applied in the rattoon experiment fur- 
nished 182 lbs. nitrogen, 255 lbs. actual potash and 148 
lbs. phosphoric acid, equivalent to 020 lbs. sulphate of 
ammonia or 1,187 lbs. nitrate of soda, 510 lbs. sulphate 
of potash and 1,000 lbs. acid phosphate. The most 
profitable combination was nitrogen and potash, which 
produced an increase of 9,922 lbs. of sugar over the 
unfertilized plot. 

In Louisiana, cane is grown oqly on alluvial soil, 
and its Sugar Experiment Station has concluded that 
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a fertilizer, rich in nitrogen, with a small quantity of 
available phosphoric acid, is best suited to it. 

The proportion of nitrogen is increased on rattoons 
and succession plant canes. 

Throughout the Georgia and Florida Coast region 
a mixture of cotton seed meal, acid phosphate and kainit 
are almost exclusively used and produce good results. 

•Earbadoes finds nitrogen, preferably nitrate of soda 
and sulphate of ammonia, most effective. Phosphoric 
a^id in acid phosphate, beneficial when used in moder- 
ation, diminishes the yield when applied in excessive 
quantities. 

Demerara derives the most benefit from nitrogen as 
sulphate of ammonia, with Thomas Slag, the most effec- 
tive source of phosphoric acid. 

The Leeward Islands have, apparently, no great 
demand for nitrogen, although on soils not recently treat- 
ed with pen manure its results are marked. Phosphates 
do not increase their cane yield, but in many instances 
decrease it, while potash with nitrogen gives the largest 
yields. 

In a publication of the Imperial Department of 
Agriculture for the West Indies, Francis Watts shows 
that, on land where pen manure had not been previously 
used, an application of 60 lbs. of potash (120 lbs. sulphate 
of po<;asli) per acre, produced an increase of 393 lbs. of 
sugar — 2,318 lbs. of sugar, when nitrogen and phosphoric 
acid were added to the potash. 

Another remarkable instance of the necessity of a 
proportion of phosphoric acid and potash in a cane ferti- 
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lizer is the fact that when, instead of 1,180 lbs. earthnut 
cake, as in Plot 18 (Java Experiments) 1,574 lbs. were 
used on Plot 17, the yield of cane increased enormously 
to 125,050 lbs.; but, notwithstanding this increased quan- 
tity (10,389 lbs.) the production of sugar decreased by 
315 lbs. Most sugar planters are well aware of the delete- 
rious effects of nitrogenous manures in very large quan- 
tities unless counteracted by phosphoric acid. 

The effect of phosphoric acid was especially notice- 
able in a field at Dinoy, experimented on by J. D. Kohrs, 
at the East Java Experimental Station in 1893 — 

Cane. Sugar. 

Without superphosphate ... (>7,307 lbs. 7,429 lbs. 
With superphosphate ... 89,353 ,, 9,409 ,, 

Mr, H. Morrison of Hawaii reports in 1895 on the 
effect of fertilizers on sugarcane, and the figures speak 
for themselves : — 

Plot 1. No fertilizer yielded per acre, B,95() to 
10,075 lbs. sugar. 

„ 2. 13,434lbs. stable manure, 13,434 lbs. sugar. 

,, 3. (>,717 lbs. stable manure and 1,119 lbs. arti- 

ficials (10 % phos. acid, ry\. nitrogen and 
potash), 14,553 to 15,172 lbs. sugar. 

Besides the numberless experiments canned out in 
the West Indies, the Phillipines and Java, we have had 
experiments carried out in India by Mr. Mollison, lately 
Inspector-General of Agriculture. Eeferring to these, 
the following letter from Mr. P. 8. Kanethkar, the able 
and successful Superintendent of the Empress Botanical 
Gardens, Poona, puts the case clearly. He says : — I 
forgot to inform you in my letter of the other day that 
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I was one of those in charge of the experiments with 
making gul (raw sugar) from sugarcane fertilized with 
different manures at the Experimental Farm at Manjri, 
near Poona. The gul got from the bone manure plot 
was the best of all, golden yellow in colour, with spark- 
ling crystals and as firm as could be desired. It kept 
dry in the monsoon when gul made from cane fertilized 
with poudrette and oil-cake manures generally gets 
pasty from the damp.” 

Irrigation is resorted to extensively and to very 
great advantage in the Hawaiian Islands and, as in 
Poona, it is relied on there as principal factor in the 
production of maximum crops. But it should be borne 
in mind that irrigation and the use of fertilizers are 
interdependent. With heavy manuring irrigation deve- 
lops the productivity of the soil, but, if fertilizers are 
not applied in sufficient quantity, it helps to deplete the 
land of its plant-food. 

It is doubtful if in many partft of India there is a 
sufficiency of cattle manure, and chemical, or rather, 
artificial fertilizers must be used to restore to the land 
the ingredients used by successive crops. 

In the present state of our knowledge of the princi- 
ples which govern the supply and utilization of plant-food 
the sugarcane grower, like every other farmer, must 
turn for help to agricultural science and thus learn, at a 
miilimum of cost, to maintain the soil of the plantation 
in such a state of fertility as to insure maximum and 
continuous yields and to combat the effect of unfavourable 
seasons, parasitic attacks, etc., by sustained vigour of 
growth. Prodigal and haphazard methods of manuring 
involve a waste both of capital and of labour. 
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In the experiments on the Manjri farm, in former 
years, the attention of Government officials seems to 
have been fixed on ascertaining the amount of nitrogen 
required for the best crop of canes, forgetful of one or 
two points that require the most serious consideration 
from practical farmers, viz., the percentage of sugar 
obtainable from crops grown with an (Excessive amount 
of nitrogenous manure and of the waste entailed. 

Such authorities as Messrs. Aitkin and Wright 
state that, in the question of manuring, tlu^ analysis of 
the soil is of less importance than the kind of crop. It 
has been ])roved by numerous practical ('-xperiments and 
observation that crops vary greatly in their power of 
utilising the several constituents contained in the soil. 
Some crops have a difficulty, in most soils, to provide 
themselves with enough nitrogen, otliers to obtain a 
sufficiency of phosphoric acid, while others, again, are 
unable to obtain enough potash. It follows that the 
substance that plants take up with the greatest difficulty 
is the one which exercises over them the greatest influ- 
ence and produces the greatest increase of yield when 
applied to them in readily available forms in manure. 
The special requirements of the crop should have first 
consideration. The nature of the soil exei-cises only a 
secondary influence. 

There are various sources from which the soil may 
be replenished and the crops provided with potash. In 
the first place there is ordinary farmyard manure and also 
the manure produced on the farm by the consumption of 
cakes or other foods rich in potash. Were the supply of 
potash from these sources abundanjt enough and cheap 
enough, none other would be required. But, great as 
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is the total quantity of farmyard manure in England, it 
is not adequate for this purpose. The straw or litter 
of farmyard manure contains a considerable percentage 
of mineral plant-food. The ash ingredients in straw 
amount to 5 per cent, or about 11*2 lbs. per ton, of which 
15 to 30 per cent, is potash. Taking the mean of a very 
large number of analyses of farmyard manure, it may 
be said that in the ash of well-rotted dung the amount of 
potash is from 4 to 7 per cent., that is to say, one ton of 
farmyard manure contains only from 9 to 15 lbs. of 
potash. Heiden calculates that 25 tons of farmyard 
manure, applied once in the rotation, would not suffice 
to restore the potash removed by an ordinary rotation of 
crops sold off the farm, even if every ounce of the potash 
in the manure were to find its way into the roots of the 
crops, which is not possible. More, probably nearly 
double that quantity, would be required to make good 
the loss. 

If this is said of farmyard manure procurable in 
England and of ordinary crops, what must be said as 
to the deficiency in potash of Indian cattle manure when 
a greedy potash eater such as sugarcane is in question. 

The growth of plants is regulated by the smallest 
quantity of any available and necessary plant-food. If 
the surgarcane is to reach its highest development, 
all the necessary plant-food must be ready in the soil. It 
was Liebig who formulated the principle : — “ The plant 
does not live on single food ingredients but on a nourish- 
ment composed of different food-stuffs, and every single 
constituent part of this nourishment is effective only in 
the completed whole. Nitrogen cannot build a single 
leaf, a single stalk, a single halm, unless phosphoric 
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acid is present and all other plant-food ingredients- 
in sufficient quantity.” 

Professor Wagner says; — “ Nitrogen should, as much 
as possible, be carefully measured out for the plants, 
and only when the remaining plant-foods are present in 
sufficient quantities, is the best possible result obtained 
from the nitrogenous manuring, and th(i absorption Ot too 
great a quantity prevented.” 

The Hawaiians frequently use a ton or more of 
fertilizer per acre, applying it at two different times, first 
at planting, or soon after the cane is well up, and a second 
time at the opening of the following spring. Mr. Pogue 
of Kihei plantation has successfully applied nitrate of 
soda in the irrigation waters ; as a (luestion of economy 
it is proposed to apply all soluble- fertilizers in this 
manner. This practice is not unknown in Southern 
India. 

In Louisiana, tbo amount of fertilizer used is 400 
to 700 lbs. per acre. Nitrogen in o.x.coss of 48 lbs. per acre, 
which is about the limit of assimilation in an average 
season, has been found by the Experiment Station to 
be wasteful, and phosphoric acid at the rate of 80 lbs. 
ample. Pertilizors are usually applied at the time of 
planting, or at the time of throwing the first soil to 
the young cane, whether plant or stubble, by manure - 
distributing machines constructed to scatter tlie fcu’tilizer 
on both sides of the row at the same time. • 

In Barbadoes 40 to 80 lbs. of nitrogen, preferably as 
sulphate of ammonia and \ nitrate of soda per acre, 
is correct, a small part applied shortly after the cane 
germinates and the remainder in June'or August, when 
the cane’s growth is most rapid, together with 80 to 100 
‘27 
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lbs. of potash. • Phosphates are not specially recommend- 
ed, but, when used, should contain from 80 lbs. (on 
rattoons) to 40 lbs. (on plant-cane) of phosphoric acid 
per acre. 

For Demerara's stiff clay 50 lbs. of nitrogen, in 
the form of sulphate of ammonia, with 500 to 600 lbs. of 
finely-ground slag phosphate, per acre, is. considered 
about right by Professor Harrison. Both are supplied to 
plantcane -at an early period and in one dressing, but 
sufficient slag phosphate remains in the soil to supply 
the rattoons. 

Generally speaking, the question of profit or loss 
in cane-growing turns on the intelligent selection of 
fertilizers, the correct use of which frequently doubles 
the yield. 

I'he high esteem in which fertilizers are held by the 
llawaiian growers may be inferred from the large quantity 
used annually. Uirector Eckart asf^erts that in 1901 no 
less than *25,000 tons of commercial fertilizers were 
added to the Hawaiian soils to satisfy the demand of the 
sugar industry. The shrewd business wisdom of this 
enormous consumption is made plain by the statement 
of Dr. Maxwell, that, where the trash of the cane is re- 
turned to the soil, each ton of sugar produced removes 
from the soil in cane : — 

* 12*7 lbs. nitrogen. 

85*8 „ potash. 

8*2 „ phosphoric acid. 

( 

With the total sugar yield of the island approach- 
ing 800,000 tons on about 50,000 acres of land, the 
dem^»nd for this large quantity of fertilizers is apparent. 



The secret ol; a profitable industry lies in econoinical- 
’ly growing robust cine, rich in sugar; and no soil is so 
rich as to continue year atter to grow large, and re- 
munerative crops, unless the plant-food removed by the 
crop be returned in the form of fertilizers. Those sugar 
countries which are growing tlu' largest crops of cane 
per acre are the most, prosperous. A careful study of 
their practices teaches that they obtain success and 
wealtli by thorough preparation of the soil, judicious 
lertilizing, intelligent cultivation (including irrigation 
when required) and in elimination of rattoons as soon 
.as tiieir yields drop below a }U‘ofit-producing quantity. 

The world’s exptuuence is that no one crop can be 
grown continuously and profitably on the sanu^ unferti- 
lized soil, iK^ matter how rich it was at the beginning. 
Sugarcane is a most ('xacting, as well as soil-e.xhausting 
crop. In a report recently made to tlie (^)ueensland 
‘Government upon the condition of th.(‘ sugar industry 
of Australia, Dr. Walter Maxwell, l)i)’('ct()r of the Sugar 
ExperiuK.mtal Station at Brisbane, emphasizes the neces- 
sity of feeding and so restoring to tliosc^ soils their banner 
fertility, which, according to th<‘ rion. W. H. Groom, 
had fallen in annual yield from 40 tons of cane in the 
beginning to K), Id and 12 tons, in USSO, and accord- 
ing to the report for 1900 in North Mackay, to liom 
4 to o tons and in other districts to from 7 to 8 tons. 
Dr. IMaxwell says The average yield (d cane to-day 
jbhroughout Queensland is 15 tons per acre as against 
46 tons per acre during the earlier years of the industry.” 
Further on, after showing by analyses of virgin soils 
and those continually cropped with cane a loss of 81 pen* 
cent, of nitrogen, 42 per cent, potash and 87*2 per cent, 
lime, in the latter, he adds ; “ Theirpinmediate yielding 
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power has been seriously impaired, but by more modern 
methods of cultivation, rendering available the reserve 
stores otV plant-food and by returning to the land those 
elements which have been, and are being removed, 
the producing power can be restored. Intelligent 
cultivation, and a judicious use of fertilizers can, 
without a doubt, restore the original producing power 
to these soils, and obtain 40 tons of cane per acre. More 
than that, here as elsewhere, by the application of scien- 
tific resources and intelligence, better and larger crop& 
can be grown than those first produced by the virgin soil. 
Modern methods of farming and planting recognise the 
value of fertilizers for every soil and every crop, and the 
sugar planter, alive to the advantages of the present age, 
knows well that cane culture is among the most intense 
agricultural industries, where the size and profit of his 
crop is largely determined by the intelligent use of heavy 
applications of fertilizers.” 

As all the world over, so even in I^gypt, a land of 
exceptional fertility, the constant chopping of the sod 
rendered it so poor that the harvests no longer paid the 
possessor oi' tenant for his ground-rent, rates, and taxes, 
ddemann in “d’he Sugarcane in I^gypt,” writing on 
this point, says : “ Can we succeed in getting more out 
of a given area than we have hitherto done ? In any case 
plants will demand a good soil. And such a good and 
fruitful soil we can provide ourselves with, it we carry out 
the task, carefully employing the most practical instru- 
ment!?, and most suitable manure. The question then 
becomes, what manures should be employed ? Stable- 
dung, natural compost manure, or artificial chemical 
manures *? The answer is, use all together so as to achieve 
the best results. Stable-dung and coippost manure can 
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alwa 3 ^s be used do not sufficiently" fulfil the claims of 
a nutrient, and in tropical and sub-ti’opical regions such as 
Egypt are not available in sufficient quantities. In arti- 
ficial manures it is possible to have tln^ three indispensable 
plant nutriments in properly proportioned (juantities 
according to one’s requirements. The artilicial manures 
consist of nitrogen, phosphoric acid, potash and mixed 
manures. With artificial manure and stable-dung mixed 
together, the agruculturist will be in a position to double 
the crop output he has Intliorto obtained and, in time, 
Egyptian agriculturists will be readily induced, for the 
sake of success to carry out their work with more care 
and athmtion without the noted “ maU'sh and bukrah” 
(“never mind ‘ and “to-morrow”), and he who Ix^gins 
first will hold an advantage over his lazier neighbours. In 
a previous chapter it was shown what manuring mediums 
a planter had at iiis disposal in the country itself. The 
question now suggests itself whether the planter can 
supply the soil with ^ts needed nutriments from these 
cited mediums so as to obtain a rich harvest on a par with 
those in other cane-growing countries. This is clearly 
not the case, l^he average crop of 550 to (300 cantarsof 
<;ane per feddan ((‘qiials 22 tons per ncvc) and every 
statistical comparison with other tropical and sub-tropical 
countries shows the difference and deterioration in Kgyp* 
tian results. Only from the view of moiuentary profit, is 
the ground drained by crops y^ear after year without 
proper replenishing. In countries wdiere unrestrict,ed 
areas of ground are at one’s disposal, and fresh tracts of 
virgin soil can be placed under culture, abandoning that 
portion which has become unfruitful, this may be excused, 
but in Egypt it is out of question owing to the limited 
strips of fertile soil, the high prices of land, and the dear 
rents. 
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In order to satisfy the higli conditions of nutriment 
demanded ))y so ambitious, rich, and rapid growing a 
plant as ' the sugarcane, one must needs resort to 
artificial manures. No man dreams of carrying on the 
manufacture of sugar with century-old machines under 
present conditions of competition, and, similarly, it is a 
prime necessity for the planters to apply to tlie sugar- 
cane the latest discoveries and methods of agricultural 
chemistry and technology. Agricultural Experiment 
Stations have for a long time past been working satis- 
factorily in Europe, America, and the East Indies; and 
Java, that standard country foi* raw cane-sugar, has 
practised for ov(‘r 15 years a scientific system of cane- 
growing, as have in part also the fiast Indies. Yet, in 
general, the manuring of the sugarcane is still a little 
known and elucidated sphere of work. Tlie figures 
relating to the crops and the results of expcndmental 
work show that l^igypt’s celebrated fertility is largely 
a thing of the past and yet, through careful methods of 
agriculture and by proper application of suitable 
manures, the present deterioration of crop yields can be 
superseded by good and lasting results. The stated 
(jiiantities of mineral matter are absorbed from the 
ground by th(^ canes in the course of a year and undei' 
the present conditions of agriculture are not returned 
to the soil. Even the leaves which were hitherto burnt 

in the fields now go to the factory to be used as fuel. 

• 

It only remains to consider the three chief plant 
nutriments — nitrogen, phosphoric acid and potash, and 
possibly lime. The remaining equally needful sub- 
stances, on whiqh the success of the plant depends, are 
generally present in the ground and in sufficient 
quantities and need not therefore be taken into account. 
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The necessary carbonic acid is obtainable in inexhaust- 
ible (juantitics from the air. Moisture, air and oxygen 
are supplied to the sod by propec tillage. The percent- 
age of lime present in bjgyptiau soils is mostly a good 
one. Yet the writer found on ditferent occasions in the 
course of extensive experiments that very good lesults 
follow trom a manuring of lime. The latter is n(;t to 
be considered a manure, luit it acts as a medium, in 
that it oxydises non-reactionary suhstanci‘s so as to 
make tlnun assimilable. In t}u‘ case of so-called black 
earth and acid soils a trial of lime manure is to b(‘ 
recommended. Nhtrogen, phosphoric acid and potash 
are not in general available in suihciently (‘fhcaci(.)us 
quantities in the soil as to allow the cane to acliieve tin; 
best results and every prudent plantin’ will supplement 
them by the purchase of artificials in definite amounts. 
Of the many forms in which tht'se latter are placed on 
the market the writer considers the following th(' most 
suitable and profitable for tlie (^ultiviition of cane on 
Egyptian soils : — ^ 


bk.)r nitrogen ... Saltpetre. 

Eor phos])lioric acid ... Thomas slag. 

For potash ... Potassium sulphate. 

The nitrogen forms the motive powin* of the ground 
and effects a powt3rful formation of stem and leaf 
organisms and thereby a better assimilation of the' 
remaining sulistances. The atmospbrn-e in tin- trojiics 
yields, under favourable conditions, more nitrevgen to 
the ground than in colder regions. Its partial self- 
formation by means of the nitrogen-absorbing legu- 
ininosie was mentioned when describing green manures. 
Yet this does not suffice and, for supplementing it, 
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saltpetre is nipre suitable than ammonium sulphate, 
owing to its direct action. With the existing conditions 
of irrigation it is likewise easier to work with the former 
without encountering any loss of available nitric acid. 
Experiments have also proved that saltpetre yields much 
better and more profitable crop-results than ammonium 
nitrate, having rt^gard to the cost ot this latter manure. 
The ammonium must first change into nitric acid and 
then apart of it is easily losttiirough the watering. In 
Java, for example, only ammonium sulphate is employ- 
ed, because, owing to the subsequent heavy rains, the 
saltpetre would all bo washed a, way. Thus the condi- 
tions are often different. Tn l^^gypt one applies the 
saltpetre direct in small quantities about two days after 
watcu ing wdien the soil is yet wet, and one, two or three 
iiumths after the planting, never later. In the interval 
of a fortnight, till the next watering, the plants liave 
time to absorl) fully all the saltpetre, and are thereby 
freshly invigorated for assimilating the remaining 
nutriments. It is merely a question of strengtliening 
and supporting the cane in its early development as 
regards the sugarcane formation of absorbing organs, 
so that, by these and the absorbed nitrogen, the further 
building of cells and more luxurious plant growth can 
take place. Again, organic manures, such as blood 
mixture, meat meal, bone-dust, as well as pressed re- 
mains of oleaginous fruit may he employed, owing to 
their nitrogenous nature, but they are mostly unavail- 
able in sufficient quantities, and are not cheap enough 
for great cultures. 

Phosphoric acid is almost invariably a necessary 
supplement to the requisite substances for the favour- 
able development of vegetation in Egypt. The employ- 
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ment of nitrogen alone in tlie case of^the sugarcane 
brings about an apparently luxuriant vegetation but a 
weak unresisting cane stein, which is laid low by. the 
first storm and is in general of little value for manu- 
facturing purposes. On the other hand, if tlie supply of 
nitrogen is combined with that of phosphf)ric acid then 
one obtains a powerful, vigorous, resisting cane stem 
and a ripe sugarcane for the factory. By the action of 
the phosphoric acid the degree of ripeiK'ss and the 
sugar contents are specially favourably infiiumced. 
blow necessary it is to constantly replenish the soil for 
the phosphoric acid drained from it, is sliown l)y tiu? 
following figures : -- 

During one harvest tluu'c' avv absorbed from each 
liectar of ground : — 


Crop. 

Pev 

liectar 

Kilos. 

L’ei- aci-e 

lb. 

phos. 

acid. 


phosplniv. 

acid. 

Wlieat 

34-5 

to 

r)0-r> 

30-7 to 

15*0 

Clover 

sryt 

% t 

rr20 

3-2 -4 „ 

4()*:d 

Cotton 

oO-H 

« f 

■ 75-3 

44-8 

1)7*1 

Sugarcane skuns 

7l-() 


l-id-O 

03 -S ,, 

i()()*n 

Sugarcane leaves 

(ill) 


103-2 

o4-V) „ 

92*0 

Potash forms 

one 

of the 

most important mineral 


matters which are absorbed by the cane and, in s])ite of 
that, its application has been hitherto a little solved 
question as regards its bearing on yields. The alluvial 
soil in Upper Egypt is not exactly poor in potash inas- 
much as it contains about 0*5 to 1*5 of KoO. As com- 
pared with this, the huge annual amount of 175 Kg. of 
K:iO, per hectar, is used up during each annual harvest, 
so that, sooner or later, scarcity of this food will ensue 
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in the different cane-growing districts. As potash does 
not act by itself but only in combination with other 
substances, it is mostly difficult to obtain information as 
to its action, especially in the last few years, where un- 
favourable weather conditions have prevailed, so that 
tlie cane did not fully mature. The sugar content 
depends, in the ffrst place, on the climate. In the case 
ol' those [)Oi'tions of land treated witli potash increased 
quantities of the same mineral were found on analysis 
in the subsequent cane, a proof that tlie potash is as- 
similable by tile cane. It is to be noticed in every case 
that, wlien fully manuring with nitrogen and phosphoric 
acid together, the corresponding application of potash 
has a particularly favourabU' result on the sugar content. 
In the case of cotton cultivation in the J)elta, where the 
ground is of a similar constitution as that in Upptir 
]^'.gypt, manuring with phospliate of potassium has had 
pronounced rc'sults on the (piality and (juantity of the 
harvest Soomu' or later th(‘re will be a potash famine 
in Egypt, and il is tlierefore important to bear in mind 
so as to protect this commodity from complete exhaus- 
tion. As potash manuies for cane one jiiust avoid clilo- 
rate products : sulphate is the best form to employ 
where a substitute is r(*quired. In the other cane-grow- 
ing lands, for example, Barbadoes — good results have 
followed a manuring with potash, and Professor d’ 
AUniquerquc considers the presence of potash useful to 
complete the manuring. Ho recommendsthe following: — 


Nitrogen. b or first year cane For second year cane 
per acre lb. per acre lb. 

'Iwo-thirds (NH4J.2SO4 i 
One-third NaNOa ) 
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Nitrogen. For first year cane For second year cane 
per acre lb. per acre lb. 

Phosphoric acid \ 

(For soil rich in lime)' 

Superphosphate 40 to 45 dO 

(For soil poor in lime)i 
-Basic slag I 

Potash 40 dO 

The amounts to be applied of these three child' 
nutriments and in wh ^t ])roportion so as to obtain the 
best results, di^pend in Egypt, as well on the local condi- 
tions. Here even the ground varies. One lias to dis- 
tinguish between black and yellow soils and naturally 
also the gradations of* the same. 'Du' climate likewise 
varies in the long stretches of land 1‘rom Cairo to Assiut. 
The preliminary crops and their rotatioji reijuire as well 
to b(^ considered. All this will be carefully weighed by 
a skilful agriculturist according to his experienci*, whim 
discussing the ipfestion of manuring, without here going 
into details. 

From experiments undertaken by the writer, and 
his observations during the last five years, he can recom- 
mend in general, the following manures for Egypt: In 
the first place nitrogen in combination with pliosphoric 
acid has to be considered. The practical working of 
potash reipiires further elucidation than has hitluu-to 
been the case. The potash is possibly not every win. re 
of eijual necessity. The amounts would be as follows : — 

A. For the first year. 

-Per feddan, Kgr. or ])er acre, lb. 
cane. i » b i » 


Saltpetre 

75 

185 

Thomas phosphate . . 

200 * 

500 

Sulphate of potash 

50 

125 
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B. For the 2nd year ^ 
cane. ^ 

Saltpetre ... 15 to 100 185 to 250 

The Thomas phosphate and potash must be distri- 
buted over the surface of the fields on the occasion of 
the final ploughing and in calm weather. Moreover, 
we mix these manures with an cupial volume of dry 
earth for better spreading. 

Saltpetre is givoi in two applications as a top dress- 
ing 1 to and 2.} to 8 months after ‘planting. In the 
usual case of planting in February, the end of March and 
the middle of May would be the periods. But for an 
early planting the first dose can be given at the end of 
January or beginning of February. The saltpetre should 
be distributed immediately after a watering of the plant 
rows, within a day or two of the irrigation water having 
settled down on the surfac(\ It should be mixed with 
an equal volume, of dry sandy soil. In this connection it 
must be observed that the potash sboiikl not be thrown 
on the young leaves, but laid on with the hand.” 

It IS interesting to compare field experiments made 
in different parts of the world and to see the action of 
manures under varying climates, in soils bearing little 
resemblance to each other. Wherever these are carried 
out, one point stands out clearly, viz,, that sugarcane 
thrives invariably and gives the best return when treated 
with complete and well-balanced fertilizers. 

We extract a few remarkably telling results from 
Tiemann’s experiments with concentrated fertilizers : — 
Whilst unmanured cuttings give 

^ a return of 54,689 lbs. per acre, 
and 65,062 „ „ 



429 


180 lbs. of Chili saltpetre produced 67,145 lbs. per acre. 
The addition of 180 lbs. sulphate ,, ,, 

of potash ... 71,2()9 „ 

The above plus d60 lbs. Super- 
phosphate ... 75,178 ,, 

the largest amount in the list of 26 experiments with 
various manures. The nearest approach to this high 
figure is to be found in experiment plot l8, where the 
fertilizers used were : — • 


660 lbs. superphosphate, 

360 „ sulphate of ammonia and 

2,100 „ lime. 

The absence of the potash in this manure is pain- 
fully apparent in the results, the total harvest being 
71,483 lbs. Another remarkable result is shown in the 
use of Chili saltpetre, 180 lbs., the average weight per 
cane stem being the iiighest, but the outturn of sugar 
per acre fifth in the list. No. 6, however, where a 
complete manure was used, though showing canes with 
an average weight 25th in the list, gave the 2nd highest 
return of sugar per acre. With the use of 180 lbs. salt- 
petre on plots 10 and 11, the outturn of cane was 
89,861 lbs., with 360 lbs., the outturn rose to 49,485 lbs., 
but the percentage of sugar in cane fell from 14*2 to 
13*9 per cent. In the series of experiments in 1899 
One stands out so })rominentIy above the rest that it 
remains a mystery why similar trials Were not continued. 
Of 38 experiments carried out in that year there was 
one plot No. 2, fertilized with stable manure and bone 
dust, the return from which was 80,913 lbs. of cane per 
acre, the nearest approach to it being^ plot 4 fertilized 
with 180 lbs. sulphate of ammonia (3 nodes) 73,034 lbs. 
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the third, 72,170 lbs. being plot 19, in which every row 
was manured with ; — 

50 lbs. sulphate of potash, 

.'■>0 „ basic slag, and 

35 ,, Chili saltpetre. 

Plot 6 also stood 2nd in the list of percentage of 
sugar in cane, having 14*5 against 14 whose out- 
turn per acre was only lbs., the result of manuring 

with l()0 lbs. of sulphate of ammonia. 

We see clearly by an examination of the various 
experiments conducced in Egypt that a well-balanced 
manure containing nitrogen, phosphoric acid and potash, 
invariably gives the best results and strengthens the 
eonclusions arrived at by a study of the experiments 
conducted in Java. 

But more interesting to the natives of India will be 
the experiments carried out in the country with concen- 
trated fertilizers. The decided difference between cane 
grown with the ordinary manuring usual in the country, 
and such as was manured with concentrated fertilizers, 
is so striking that a mere view of the fields tells its tale. 
Unfortunately complete results were not obtainable. 

Keport No. 24, October 1st, 1904 : — 

The experimenter writes as follows : — ** 1 have 
applied to half an acre of wet land the fertilizer received 
froin you in May last together witli the usual cattle 
manure iu plot 1. I was later by some 10 days than my 
neighbours in planting the billets. The plant is now 4^ 
months old and is doing remarkably well, there being a 
marked difference between this and other neighbouring 
plantations. Although the yielding has been hindered 
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owing to the scarcity of rain and too much windstorm, I 
am happy to say the plants are fattening, with dark-green 
colour and canes bumpering. T shall be able to give you 
the exact outturn of the yield in March n/ext, when I 
assure you many landholders who are watching the results 
of cultivation will come forward to manure their lands 
with your excellent fertilizers. ’ The manure was made 
up of 1() cwts. groundnut cake, well ground, l.}cwt bone- 
meal, and '2 cwts. sulphate of potash, thoroughly mixed. 

Another experimenter writes, under date July 10th, 
1905 : — “ L received your letter asking me to inform you 
of the actual outturn of sugar from my ex])eriment, hut 
I am ^orry to say that I did not w'eigh my sugarcane. 
My estimate for the half acre under exi)eriiiumt is 1‘20 
.niaunds. But other fields not manured with artificial 
fertilizers yielded only about 95 maunds. In this connec- 
tion I ouglit further to inform you that the cane in the 
experimental field is a little affected by not watering in 
regular intervals. ^ On this account a wliite pith-like 
portion was found in the middle of the cane, so I cannot 
state the real benefit derived by th(^ use of this manure. 
Still [ may say that it is an important benefit and it is a 
great boon to the raiyats.” 

In a land whei e nothing is known by the ordinary 
farmer concerning soil analyses, experiments wdth in- 
complete manures can be productive of little good. It 
was only in the year J905-0fi, that the authoi'ities of the 
Bombay Department of Agriculture decided to use* othei* 
plant-food ingredients besides nitrogen. 

The minimum nitrogen per acre was set down as 350 
lb. This was determined, like thej'ormer 400 and 500 
lb. by experiments with nitrogenous manures alone. 
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To these were added phosphatic and potassic 
manures, at the instance, if we are not mistaken, of the 
Agent of the German Potash Syndicate. 

With 150 lb. potash added to the nitrogen the crop 
yielded 11,452 lb. of gul. 

It was only when a complete manure was used that 
the return was most satisfactory, 18,044 lb. of gul being 
then obtained with 17*2 per cent, of gul to juice, and 
18*4 of juice to cane. 

The following table extracted from the report of 
Mr. J. Jl. Knight, M. Sc., Professor of Agriculture, Poona, 
shows clearly the excellent results obtained from arti- 
ficial fertilizers in a district where heavy manuring is 
ordinarily resorted to with good cattle dung : — 
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In three dressings. P.^O — Phosphoric acid. * Stripped and Topped. 

N — Nitrogen. K2O — Pure potash. 
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It will be noticed that immense quantities of 
nitrogen are used in the various nitrogenous manures 
employed. The exact amount applied has been arrived 
at by expertmente conducted under Mr. Mollison, whose 
energies were devoted to the elucidation of this question. 
But in dealing with it he was satisfied evidently that 
nitrates and nitrites were all that was needed. The law 
of minima was totally neglected. Potash and phos- 
phoric acid in conjunction with nitrogen were apparently 
not thought of. By the application of such large 
quantities of nitrogen there is 1510 doubt that a great deal 
is lost in the drainage. What nourishes the plant must 
do so only when there is a sufficiency of phosphoric acid 
and potash, and unless these are placed in the soil in the 
requisite proportions the land must necessarily be 
denuded of them. Yet in the Keport of the Manjri 
Farm for the year 1908-09, we find a return to the old 
story of combinations of various nitrogenous manures, 
with this difference that the cost is no longer considered 
and not one of the six experimental plots in this series 
shows a profit. In 1905-06, notwithstanding the great 
<50st of the manures, ranging from Es. 90 in the case 
of farmyard manure to Es. 344, in the case of the 
complete fertilizer, the nitrate of soda of which alone 
cost Es. 300, the profits ranged from Es. 118 to 484. 
In this year*s experiments, where no superphosphate is 
used, though the cost of manures is only Es. 118, 
the loss totals Es. 129. The use of superphosphate in 
a complete fertilizer raises the cost of the manure by 
only Es. 5, but the difference in the results amounts to 
Es. 178, showing a small net profit of Es. 49. Safflower 
cake was used in all these experiments in addition to 
farmyard manure, ^and 350 lb. of nitrogen still remains 
the minimum. 
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Under the rotation experiments appearing in the 
report for 1909-10 it seems plain that nitrogenous 
manuring alone is to be continued. The treatment 
per acre was 45,100 lb. of farmyard manure at planting, 
and 2,588 lb. of safflower cake, the value in each case 
being R^. 169. The profits range from Rs. 268 to 317. 
Every experiment, whether with nitrogenous manures 
alone, with nitrogen and phosphoric acid, or with 
the above and an addition of potash, appears to have 
paid and paid well, the complete manure consisting 
of 39,600 lb. of farmyard manure, 2,127 lb. of safflower 
cake, 305 lb. sulphate of potash, and 239 lb. superphos- 
phate, giving the highest return of gul and the highest 
net profit. 

At last there appears a chance of seeing the heavy 
manuring with nitrogen reduced. On three plots 
fertilized with 250, 300, and 350 lb. of nitrogen per 
acre respectively, we find the profit on the 250 lb. 
plot only Rs. 5 less than that of the 350 lb. plot, and 
Rs. 35 less than the 800 lb. plot. Unfortunately there 
were no che*ck plots, or the experiment would have 
been more interesting and likely to lead to more con- 
clusive deductions. It is a pity that in all these 
experiments to determine the smallest quantity of 
nitrogen that will result in the best crop, the simple 
method of using complete fertilizers is scarcely ever 
resorted to — in fact, seems to be carefully avoided as if 
the experimenter were afraid of bumping against the 
solution of the problem. 

From experiments in Java we find far smaller 
quantities of nitrogen used, the fertilizers employed 
being nitrate of soda and sulphate of ammonia, but what 
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strikes one throughout these experiments , is the very 
small increase in the weight of the canes with , the in- 
crease of the nitrogenous manure beyond a certain point 
and the decided falling off in sugar in many instances.. 

In 1893 at the Experimental Station, KeteganV 
Mr. R. J. Bouricius tabulates results as follows f — 

Pro hectar. 

Weight of canes. Sugar. 

Unmanured 81,874 Kg. 10,422 Kg. 

Sulphate of ammonia 170*5 Kg. 91,817 „ 12,684 „ 

Do. do. 853*0 „ 117,050 „ 18,098 „ 

Do. do. 529*5 „ 120,588 „ 18,098 ,. 

It will be noticed that an increase of 170*5 Kg. of 
sulphate of ammonia, used alone, though it resulted in 
about 3,000 Kg. more of cane, produced no more sugar. 

Prom Mr. Pohdjedjer’s Sugar Factory we have 
results still more pronounced 

Pro hectar. 

Weight of canes. Sugar. 

Unmanured 73,541 Kg. 8,834 Kg. 

Sulphate of ammonia 176 Kg. 99,041 „ 11,001 ,, 

Do. do. 353 „ 112,879 „ 12,968 „ 

Do. do. 529 „ 99,824 „ 12,811 „ 

It is just as evident in the report of Mr. Kloerahan’s 
Sugar Factory : — 

Unmanured 106,091 Kg. 9,086 Kg. 

Sulphate of ammonia 176 Kg. 117,830 ,, 10,069 ,, 

Do. do. 353 „ 119,841 „ 9,626 „ 

Do. do. 529 „ 120,190 „ 9,469 „ 

In the Manjri experiments, even if such quantities of 
nitrogen were continued, it is a pity that in the combina- 
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tions with phosphoric acid and potash, oil cakes were not 
till now tried as the nitrogen supplying material. This 
would have reduced the item under “cultivation ” con- 
siderably and increased the net profit to a very great 
•extent. We are pleased to find their benefits have been 
shown in the 1909-10 Report. 

At the same time we do not consider correct the 
amount otl nitrogen fixed as the best paying quantity, for 
it is far in excess of the needs of the plant, and would 
suggest that varying amounts of nitrogen, ranging from 
100 to 250 lbs. should be tried in future, not alone, but 
in combination with phosphatic and potassic manures. 

In the learned and interesting work of Professor 
Dr. H, Wilfarth in conjunction with Dr. H. Roemer and 
Dr. G. Wimmer on “ The Assimilation of Foods by 
Plants at Different Periods of their Growth,” we find 
reports of the most carefully conducted pot and plot 
•experiments and the conclusions drawn from them. 
Speaking of potash and its effects on plant-life, the 
authors say : — “ With the want of potash the production 
of carbohydrates invariably falls and the fall is greater, 
the greater the deficiency in potash : ” and a little 
later : — “ It is known that the carbohydrates made in 
the assimilation process are used only partly in building 
up the plants, that to a great extent they are decom- 
posed by the necessary exhalation and are thus lost to 
the plant. Is it not possible that inorganic parts meet 
with a similar fate? Is it not also possible that a part 
of this stuff, even when it is not directly used for the 
building up of the plant, may be necessary for its life 
a.nd growth, and finally, when the plant has fulfilled 
all its functions, may become superfluous, just as the 
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animal organism does not by any means use all the 
materials it consumes ? ** 

In all parts of the .plant the quantity of nitrogen 
lessens towards the end of the period of vegetation 
except in the grain in which the reserve stuff remains. 
The same occurs with reference to potash. This cannot 
be due to the decayed leaves, for a loss of 1 % of potash 
would mean 40 cwt. per acre and, as this is out of the 
question, the only conclusion we can come to is that in the 
case of barley, for instance, as in the other experiments 
under record, the potash taken up by the plant is not fixed 
in the form of an insoluble organic substance* but in a 
manner in which it can move about, going through a 
physiological process within the plant and, having per- 
formed its functions, returning to the soil through the 
roots as the plant nears its death. 

Nitrogen, phosphoric acid and soda are not of so* 
much importance in the building of carbohydrates ; for 
even when there is a great deficiei?.cy in nitrogen we 
find the contents in starch and sugar very high, and 
even where the deficiency in phosphoric acid is decided 
the loss of starch and sugar is very small. Potash plays 
the chief role in the origin of the latter ; for, as soon as 
this is wanting, the formation of carbohydrates falls 
with the failure of potash. Consequently every plant 
requires a certain quantity of potash to produce a 
maximum of carbohydrates. 

When nitrogen and phosphoric acid are deficient 
the weight of the harvest is lessened, but the quality of 
the plants especially the fruits and tubers, and the re- 
lation of the various parts of the plant to one another 
are little changed,' and if the deficiency in nitrogen is 
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not too great, the quality appears to be even better. 
When, however, there is a deficiency of potash, profound 
changes occur and the relation of the single parts to 
one another alters in a way very different from that 
evident in the case of a deficiency in nitrogen and phos- 
phoric acid; the exterior form of the plant suffers 
decided changes, and the building of carbohydrates 
lessens with the increasing deficiency in potash. It is 
noticeable, from these experiments, that, when the 
allowance of potash was the smallest, the greatest 
amount of potash, viz., 40% of that taken up by the plant, 
returned to the soil, whilst, when the greatest amount 
of potash was placed at the disposition of the plant, the 
return to the soil was the smallest, via., 16%. It must 
be of the greatest importance in the question of manuring 
to judge the right quantity of potash that should be 
placed at the disposition of the plant.” 

What IS most striking in these experiments, made 
by the most learned and painstaking scientists in 
Germany, is the near relation found between the return 
of nitrogen and potash to the soil and the dependence 
of the increase in the return of nitrogen on deficiency 
of the potash supplied. We have seen before that there 
is a loss of nitrogen as the plant nears its maturity. It 
is clearly brought out in the book under reference that 
the contents in nitrogen at the harvest are higher with 
the increased application of potash. With the lowest 
application of potash the loss of nitrogen was 27% ; with 
the largest, the loss had sunk to 10%. This agreement 
in the action of potash and nitrogen is worthy of 
attention. In conclusion, the authors remark : — In all 
similar field experiments made by other authors similar 
results have been obtained.” 
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It is to be hoped that experiments on similar lines 
will be begun, directed from Pusa, at the Manjri farm, 
Poona. 

In that sugar-growing district it may help to 
settle the question of the requisite amount of nitrogen 
to be used per acre when a sufficiency of potash is 
available. 

Experiments on Mr. Morrison’s plantation in Hawaii 
in 1895 may serve as a basis for future trials. 

Manure per hectar. Sugar per hectar. 

1. Unmanured 10,040 to 11,295 Kg. 

2. 15,0d0 Kg. farmyard • 15,060 Kg. 

3. 7,530 do. 

1,255 artificial manures 
containing lO'Y, phosphoric acid. 

5% nitrogen. 

6% potash 16,315 to 17,570. 

4. 1,255 Kg. artificial manure as above 

without farmyard manure 15,060. 

In N’zamabad during 1913-14, an acre of sugar- 
cane was grown principally to ascertain if by the aid of 
well-balanced and complete manures, especially by a 
heavy potassic fertilizing, cane might possibly be grown 
in that district and the two adjoining without the aid 
of props of which about 15,000 were required per acre. 

To accomplish this it was considered advisable to 
follow up Sir Henry Gilbert’s investigations as to what 
adds to the strength of straw. He ascertained that a 
high percentage of silica in the straw meant a low 
proportion of organic substance and hence brittleness 
and not strength of straw was the result. The woody 
substance of the cellulose has the characteristics of the 
carbohydrates, for ‘whose formation potash has always 
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been found beneficial. Drs. Wilfarth, Wimmer and 

Eoemer came to the conclusion, after the most careful 

1 

experiments and analyses, that with the want of potash 
the production of carbohydrates invariably falls, and 
the fall is greater, the greater the deficiency of potash.” 

How much the lodging of cane is due to the great 
supply of nitrogen in cattle manure and the insufticiency 
of mineral fertilizers is the important fact to be 
ascertained in the sugarcane plot. It is worth repeating 
here what has been already said. Professor Wagner 
states: ‘‘ Nitrogen should as much as possible be carefully 
measured out for plants, and only when the remaining 
plant foods are present in siillicient quantities is the 
best possible result obtained from the nitrogenous 
manuring, and the absorption of too great a quantity 
prevented.” 

The results of practical experience confirm what 
science teaches, for Tiemaun, in his ” Sugarcane in 
Egypt,” says : “ The employment of nitrogen alone in 
the case of the sugarcane brings about an apparently 
luxuriant vegetation, but a weak unresisting cane straw, 
which is laid low by the first storm, and is in general 
of little value for manufacturing purposes. 

Based on this, our experiments with complete 
manures containing heavy applications of potash will 
probably, if not in the first 3"ear, at least before many 
years have elapsed, help us to spread the growth of 
sugarcane by eliminating the heavy cost of khoyas or 
props. 

It was not the soil I should have selected for a 
sugarcane farm, but we were in March and the seeds 
had to be down at least by the end of the month, and, 
as it was the only patch of paddy lahd available at the 
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time, the farm was started. The land was divided into 
plots of of an acre each and two gangways were made 
3 feet in width down the whole length with 4 gangways 
6 feet wide cutting these at right angles, so that the 
difference in the result of .manuring might be seen easily, 
6 plots were manured differently while 6 plots adjoining 
served as duplicates. 

I and I D were treated each with 18 cartloads of farm- 
yard manure =6,880 lbs., half before sowing and half 3 
months later, together with 20 lbs. Bone Meal and 

40 lbs. Sulphate of Potash. 

II and II D. 400 lbs. Castor Cake. 

26 lbs. Superphosphate. 

1,750 lbs. Burnt Bhiisa. 

III and III D. 400 lbs. Castor. 

26 lbs. Bone Meal. 

30 lbs. Superphosphate. 

IV and IV I). 6,880 lbs. Farmyard Manure, 

1,750 lbs. Burnt Bhusa. 

V and V D. 2,000 lbs. Boudrette. 

20 lbs. Bone Meal. 

1,750 lbs. Burnt Bhusa. 

VI and VI D. 2,600 lbs. Poudrette. 

30 lbs. Bone Meal. 

35 lbs. Sulphate of Potash. 

The seed brought from villages to the - railway and 
thence to Nizamabad were too long exposed and the 
sowing was late, the canes sprouted and died down leaving 
only* 34,154 canes for the harvester practically one cane 
per set. 

The following is the Tabulated result of the 
crushing : 

Only 2,775 props were needed as supports. 
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In 1914-15 another trial was made to ascertain if 
the roots could be forced to penetrate deeper and thus 
prevent lodging. It was evident that the strengthening 
of the canes themselves by the use of potash was not 
alone sufficient. The plants gave way at the roots and 
a certain number had to be supported by props. A 
trial with saltpetre proved fairly effective and the roots 
went down 9 and 10 inches whilst the usual depth to 
which they go is only 4 or 5 inches owing to the nature 
of the soil, which becomes pasty when soaked with 
water and brick-like when it dries. 

Unfortunately the irregular supply of water, which 
nearly killed the plantation, followed by a sharp attack 
of borer, detracted much from the value of the demon- 
stration and the babul overshadowing ^ Plot lA 
counteracted to a great extent the efficacy of the manure. 
Notwithstanding these drawbacks many canes grew to 
13 feet minus the tops in Plot 1 and the roots penetrated 
the soil to a depth of 10 inches. 4,^;574 lbs. of gur from 
40,000 lbs. of cane crushed is certainly not a bad return 
in the circumstances. We required the rest of the cane 
for seed sold to the raiyats. 

The plots were roughly of an acre each or a 
fraction over. 

The table of manures given below should be read 
with the table of canes, juice and gur that follows. 

Plan of Manuring (New Plot). 

lA. — Nitrate of Potash ... 1 cwt. 

Basic Slag ... 40 lbs. 

Sulphate of Potash ... 20 lbs. 
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I B. — Poudrette 

Ashes 

II A. — Nitrate of Potash 

Superphosphate 
Sulphate of Potash 

II B.— Castor Cake 
Basic Slag 
Sulphate of Potash 

II C. — Poudrette 
Ashes 

II D. — Cattle Dung 

Ashes 

Superphosphate 

III A. — Cattle Dung 
Ashes 

III B. — Poudrette 

Ashes 

a 

III C. — Cattle dung 
Poudrette 
Ashes 


... 2,000 lbs. . 

1 cart. 

2 cwts. 

... 20 lbs. 

... 80 lbs. 

... 500 lbs. 

... ()0 lbs. 

... 80 lbs. 

... 2,000 lbs. 

4 carts, 

... 4,000 lbs. 

3 carts. 
40 lbs. 

... 3,000 lbs. 

... 2 carts. 

... 1,500 lbs. 

... 8 carts. 

... 1,500 lbs. 
... 1,000 lbs. 

4 carts. 



dOHD 


446 




447 


Starting from the fact that the use of Nitrate of 
Potash evidently helped flocculation a larger trial was 
made in 1915-16 on 2 acres adjoining the plot used in 

1914- 15. Ploughing was deep and the sets were 
pressed in at the bottom of the furrows. 

To ascertain the cheapest expenditure at which the 
best results could be obtained I recommended for our 
own farm and for the demonstration plots in the fields 
of raiyats the following : — 

The instructions forwarded concerning the manur- 
ing of sugarcane demonstration plots for the year 

1915- 16. 

1. Basic Superphosphate should be spread evenly 
before the first ploughing. 

2. So also should lime be spread evenly over the 
soil before the first ploughing in the plots where it is to 
be used. 

S. Before the second last ploughing cattle manure 
must be evenly spread in the plots where it is to be 
used. 

4. Similarly Sulphate of Potash or Basic Slag 
should be evenly spread in the plots where it is to be 
used before the second last ploughing. 

5. Saltpetre must be divided into two equal parts 

one half of which must be spread on the plots just be- 
fore sowing. To effect the even distribution of the 
Saltpetre it should be mixed with an equal quantity of 
fine earth. The other half must be kept for three 
months and when the earthing up is done it should be 
placed by the stems before the earth is heaped up 
against the canes. ' 
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6. Each acre should be divided into four equal parts 
and passages 3 feet wide should run between each plot. 

7. Every first and third plot should be sown in the 
ordinary way but the furrows should be more pronounced 
so that when the earthing up has to be done it may be 
so thorough that the furrow, after the earthing up,, 
becomes a ridge. 

8. Every second and fourth plot should have 
furrows for deep sowing which can gradually be filled 
up till the final manuring after three months and the 
final earthing up make the deep furrow a fair ridge 
supporting the canes. There need be no fear of water- 
logging if the planted furrow leads into a deeper ditch 
lining the outer area of the acre. Thus furrows for 
sowing about 9 inches deep can lead the water away 
into ditches running alongside the fence that are at 
least 12 inches deep and about 12 inches wide. 

9. The signboards require nothing more than the 
number of each plot, viz., 1, 2, 3 or 4. 

10. The following manures per plot should be 
employed on every acre upon which sugarcane is grown 
for our demonstration purposes : — 


Plot I I acre. 
Plot II „ 

Plot III „ 

Plot IV „ 


Saltpetre 504 lbs. (4i cwts.) 
B&sic slag 120 lbs. 

Saltpetre 252 lbs. 

Basic slag 120 lbs. 

Cattle manure 6,000lbs. 

Cattle manure 12,000 lbs. 
Basic Superphosphate 120 lbs. 
Sulphate of potash 120 lbs. 
Cattle manure 6,000 lbs. 

Lime 300 lbs. 

Saltpetre 262 lbs. 
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11. The manures used will thus contain per plot. * 

Plot I Nitrogen 48 lbs. Phosphoric acid ‘2‘2 lbs. 
Potash 160 lbs. 

Plot II Nitrogen 48 lbs. Phosphoric acid 22 lbs 
Potash 80 lbs. 

Plot III Nitrogen 48 lbs. Phosphoric acid 22 lbs. 

and Lime 48 lbs. Potash 58 lbs. 

Plot IV Nitrogen 48 lbs. Lime 800 lbs. Potash 
80 lbs. 

12. And the price per acre of the manures used in 

each plot will he — 

Plot I Ks. 220 per acre. 

Plot II Ks. 1 18 per acre plus cattle manure. 

Plot III Ks. 52 per acre plus cattle manure. 

Plot IV Ks, 104 per acre plus cattle manure 

plus lime. 

18. Basic siiperphospliat(‘. contains phosphoric acid 
and lime and so does Basic slag. 

The lime is used to counteract dellocculation. It 
serves to bind together in little crumbs the soil that in 
Nizainabad is iricliAed to be soapy. Thus the roots can 
take hold of the soil when it is in crumbs and the canes 
can stand upright without aid. Wiien the soil is soapy 
the roots cannot hold and the canes fall over. Lime 
should be ploughed in at least a fortnight befoie the 
other manures. 

Phosphoric acid helps the formation of sugar and is 
not found much in the leaves as nitrogen and potash 
are, but in the steins, 

Potash strengthens the stems and keeps the plant 
from bending over and lodging. 

Nitrate of Potash is used not only for its nitrogen 
which nourishes the plant and fattens it, nor for its 

potash which strengthens the stem and helps to carry 
29 
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the nitrogen to all parts of the vegetation, but also 
with the hope ot flocculating the soil by a chemical re- 
action, which will change the sulphate ot soda, so 
harmful to the soil, into two plant-foods which will 
benefit the cane immensely, viz., nitrate of soda and 
sulphate of potash. Salts of soda often cause the soil 
to be quite soapy so that when it is wet the roots 
cainnot take hold in the earth and when it is dry the 
roots are crushed in the soil that becomes as hard a brick. 
This deflocculation, as it is called, requires to be cured 
and then the catie will take such root in the soil that no 
khoyas or props will be required in Telingana as none 
are required in Mahratwari and other parts of India. 

After inquiries made from the Taluqdars of most of 
our districts I find that there are only four species of 
sugarcane grown in these Dominions, which saves us 
much trouble in variety experiments, since they are res- 
tricted to white (green), red, red and white (striped), 
and black (dark red). 

Plots I, II, III and IV were rpughly acre each, 
Plots I A and I B of the same measurement, while the 
Raiyat’s plot and I C were 22 cents each and the variety 
plots were striped canes 2 J cents, Black 2.J cents. Green 
canes 10 cents., the whole farm being in extent 2 acres 
59 cents not counting the intersecting pathways 4 and 5 
feet in width. One plot, theEaiyats* was treated exactly 
in accordance with local custom and another, in the 
same way, but the planting was deep. D. G. I and II. 

The difficulties experienced in ^obtaining a regular 
water-supply were again great, in fact so great that it 
was decided to remove the Demonstration Farm from 
Nizamabad to Kamareddi in the ensuing year. 

The results are shown in the accompanying tabu- 
lated statement ^ 
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A glance at the table shows that the number of 
canes in Plot TII where no saltpetre was used * fell far 
below the return from Plots I and II and the same is the 
case as to the amount of gur obtained. In Plot IV, 
half of which was sparsely covered with small canes, 
there were only 4,797 seem of canes crushed against 
6,042 in Plot III, and the amount of juice was less by 
856 seers, yet the gur obtained was 127 seers more. This 
naturally suggests a subject of further study. That the 
application of lime on that particular soil was injurious 
to the growth of the young canes was evident at a glance. 
How far the plants that survived the ordeal produced 
more sugar on account of the lime used is worth further 
future experiments. Another remarkable fact was the 
few canes affected by red rot. Tlie same remarks apply 
to IG where 5,576 seers of cane crushed produced 848 
seers of gur and red rot was found in fewer cam\s than 
in any other plot. 

Tlie plot cultivated in accordance with thh usage of 
the place came 5th in the number of canes cut and 
crushed but was second in the amount of juice produced 
and drd in the amount of gur ; but the canes lodged 
badly and required more props than we could supply and 
the 1,600 per acre were quite insufficient. The roots 
did not penetrate deeper than 5 inches, while in all the 
other plots they went down 15 inches. Bed rot was 
more widespread in this than in any other plot. 

The Director-General of lievenue was under the 
impression that deep sowing alone would be sufficient 
against lodging Two plots together equal to i acre were 
treated with cattle manure as well-to-do farmers use it, 
but ploughing was deep and the sets wore placed in the 
furrows. 
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I am sorry to say the number of canes was 2nd last 
in the list and the amount of gur obtained also 2nd last.* 
They never grew tall and yet required (300 props per 
acre. 

A. remarkable occurrence was the great drop in 
results of Plot III treated with Basic Superphosphate. 
Though the weight of canes crushed was (3,042 seers 
and the juice 4,(392, the gur was only 550 against 4,797 
seers of canes crushed 8,88(3 seers juice and (>77 seers 
gur in Plot IV. In the 4 plots specially experimented 
on, the canes crushed weighed only 28,028 lbs. but the 
gur obtained was 5,584 lbs. a really splendid return. 

Plots lA and IB were manured with Nitrate of 
Potash and Basic slag as in Plot I. The number of 
canes in lA was 7,163 and the weight of those crushed 
15,972 lbs. 01-68,888 lbs. per acre giving a return of 
1,080.} seers or 8,244 lbs. of gur per acre, wliilst IB with 
6,879 canes of which 15,194 lbs. were crushed gave 906 
seers or 7228 lbs. pea acre. In the former plot only 280 
props were used and in the latter 867 making 1,120 and 
1,468 per acre respectively. 

Owing to various causes the size of the canes was 
very unequal in the different plots and it is impossible 
to come to any very definite conclusion by the mere 
perusal of figures. But a glance at the farm showed 
that the largest canes were in the Nitrate of Potash 
plots and in Plot I only 250 props were used or 1,000 
per acre. For such a crop the ordinary raiyat would 
have required 1 5,000. 

The extraordinarily small weight of tops from Plot 
IB, viz., 465 seers attracts attention as lA shows 833 
seers, Plot I 1085. The only approach to it is Plot IC 





with 50V setelrsy but the nbrnfaei* of oahcs ih the last wa& 
4^349 agaiiiBt b>879 in Plot IB. In these two oases 
the vely small weight of tops is a matter that tequii'ea 
careful attention, the more so, as the gur produced comes 
2nd in the list in TB and 4th in IC. 

The experiments will be continued, special attention- 
being given to the action of saltpetre, on alkaline soils- 
and the part the lime of the soil plays in the formation 
of sugar within the cane. 

Of the various pests that harm the sugarcane,, 
the most destructive is the borer motli. Watt in the 
** Dictionary of Economic Products in India '' seems 
to have touched the spot, when he remarks : — “ Various 
authors allude to insect pests as following mostly bn 
the track of defective cultivation and as often doing 
serious damage.” 

Perhaps the greatest fault committed is the con- 
tinuous cultivation of the same crop year after year in 
the same holding. Babu Jaykissen Miikarji says that 
in places where the Mauritius red canes were planted 
earliest, viz., about 20 years ago (Journal Agri-Hort. Soc,, 
IX, 355 — 358) the disease appeared slightly about two 
years ago. Last year the decay increased and this year 
total destruction has taken place. Where this cane has 
been introduced only lately or 10 or 15 years ago, though 
they have somewhat suffered this year from excess of 
r^insi yet they are free from the disease. In the lands 
of the Burdwan Districts bordering on the Hiighli a 
similar result has taken place. 

The disease a;id its calamitous effects have been 
repeatedly witnessed ih India and are known in Java and 



455 


some of the British Colonies. The canes become attack- 
ed by a worm, and, when in that state, emit so offensive 
a smell that the fields cannot be approached. 

It is admitted by all sugarcane planters that con- 
tinued propagation from cuttings grown year after year 
in the same soil results in a serious degeneration. This 
same fact is fully appreciated by the native cultivators of 
India and the danger of too continuous a cultivation of 
any particular farm is quite understood. 

Hitlierto the necessity of rotation has been put 
down to the question of food-supplies of which the same 
crop deprived the soil; but, from the experience of beet- 
growers in Germany, where scientific agriculture is at its 
highest, we find that manuring alone will not suffice, but 
that rotation or fallow must be resorted to, or failure of 
the crop is bound to follow. The same is seen in what 
English Agriculturists term clover sickness. The ques- 
tion of a falling off in results from orchards overrun with 
grass is yet a puzZle to the British Association. Yet 
all may possibly and very probably be explained by what 
Jaeger has tried to prove, a theory that will soon be an 
axiom in agriculture, vi/.., that the exudations or excreta 
from the roots of the plant, when overconcentrated, 
cause sickness and death just as the. overconcentrated 
effluvia from animals act upon their health. In the case 
of men it is recognised as the alphabet of hygienic 
science and it will soon be recognised as an axiom in 
agricultural hygiene also. A cure will probabl’y be 
the very remedy used when dealing with human and 
animal excreta. 

If rotation cannot be resorted to, other means may 
be easily obtained to combat the disease. It is now 
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pretty generally admitted that pests, though they may 
occasion disease, are themselves attracted to plants 
already suffering and Mr. O’Reilly writing to the Agri- 
Horticultural Society all but points to the cure : — I 
find, he says, that by placing a good layer of coiinnon 
charcoal from the furnaces under all materials of wood 
subjected to the ravages of white ants they are well 
preserved and in no case have I discovered any damage 
when this precaution has been taken.” 

This natural deodoriser will prove a remedy against 
the disease to which cane is subject, when grown con- 
stantly on the same land, provided a sufficient supply 
of well-balanced fertilizers is used, and I have no doubt 
the same remedy w'ill serve against the potato blight» 
clover sickness, and similar diseases that arise when 
rotation is not or cannot be effected. 

On this subject I propose writing at gi eater length 
on some future occasion. It may seem a remedy as 
cheap and ridiculous as the theory itself appears, but no 
true scientist merely laughs at a theory when nothing 
else has yet explained a difficulty, and it is to be hoped 
that experiments to prove this will be undertaken, 
especially in India where the peasants can so ill afford 
to let good land adjoining their villages lie fallow. 

Green manuring may also be tried with profit. 
According to Mr. Wray (vide Watt’s Dictionary of 
Economic Products) the Chinese planters in the Straits 
often 'Obtain excellent crops from a soil so sandy and 
otherwise unfertile that no European planter would for 
a moment think of planting canes in such lands. This 
result is obtained by placing the stems and leaves fresh 
from the indigo va^s over the i*oots of the cane and then 
moulding over them. 
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But the native farmer is a perfect judge of 
leguminosae and probably understands more of the likes 
and dislikes of plants than any of his European brethren. 
It is not only as a manure these are recommended but 
to ascertain which of them will serve as a deodoriser to 
the soil and which prove most agreeable to the sugar- 
cane. Besides this, more attention should be paid to 
commercial fertilizers to supplement or take the place of 
natural manures. 

Woodrow, speaking of the soil of Poona, says it 
contains very little of the silica, in combination with 
potash or soda and lime, in the form known as soluble 
silicates, without which sugar cannot grow, and he 
suggests the use of ten loads an acre of wood-ash and to 
sow and plough in a green crop. If to this were added 
Mr. Ozanne’s recommendation that the bones now ex- 
ported to Europe should be crush'^d and used in the cane 
fields, a perfect manure could be made up. But Super- 
phosphate, or for Hindus, who object to use the bones of 
animals, Basic Slag might supply the phosphoric acid, 
and in place of so many cartloads of ashes, which cannot 
be readily obtained, a bag of sulphate of potash would 
suffice. Instead of wasting their energies on the 
acclimatization of exotics as appears to be the case 
whenever the Agricultural Department wished to make 
an improvement, it would be infinitely better if a serious 
attempt were made to improve the indigenous crops of 
the country by the application of commercial fertilizers — 
a thing done by every Experiment Station in the 
civilised world beyond the borders of India, 

I shall conclude in the words of George Watt, M. B., 
O.M., O.LE., Eeporter of Economic Products with 
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the Governtnent of Indian Otticer D’Aoademie* Fellow 
of the Linnaean Society, etc.: — “It seems to be the 
prevailing evil tendency of agricultural reformers to 
look to countries outside India for new economic 
products or superior races of existing crops. A state of 
indebtedness in these matters must necessarily mean 
the absence of the vitality essential to ' progression. 
Witness the load laid by its pioneers on the ea industry 
through the importation of the Chinese plant. It was not 
until the so-called indigenous tea was taken in hand and 
the Chinese stock largely exterminated that tea-planting 
gave indications of success. Witness also the extrav- 
agant waste of money in the attempt to bring back to 
India the Carolina development of rice. The improve- 
ment by insidious adaptation of the indigenous stock 
may be less rapid (and hence by no means so attractive 
to the individual reformer) than the importation of a 
perfect race ; but the result is more certain and the 
accomplishments, however slight, are permanent and 
direct gains. The failure of the past ’attempts at estab- 
lishing in this country, sugarcane plantations, at a time 
when India might (at leist along the more direct routes 
of export) have had reasonable expectations of success, 
may, to a large extent, bo attributed to the chief ellort 
having been directed towards the vain pursuit of 
methods by which to perpetuate, under the vastly different 
conditions of India, the special peculiarities of certain 
races of cane which had been brought to their perfection 
in the West India Islands. The idea of using the Indian 
forms of can ) was only embraced when the industry 
was on the eve of expiration, or, at all events, when it 
had wasted fruitlessly its best opportunity.” 



TOBACCO. 


QUALITY, SOIL AND MANURES REQUIRED. 

In treating of tobacco it is not sufficient to restrict 
one’s seif to the question of manuring, for so much de- 
pends upon the soil in producing tobaccos of different 
market values, and the price rests still more on the tceat- 
ment of the leaf after the harvesting. The analysis^ 
shows in a thousand parts : 

Water 180 Magnesia 17‘7 

Ash 151 Phosphoric Acid 4*8 
Potash 30*3 Sulphuric Acid 5*8 
Soda 5*1 Silicic Acid 13*5 

According to the analysis of the ash of the Havanna 
Cigar by A. Percy Smith (Chemical News, XXVIII 2GU 


324), it contains : — 

Potassium Sulphate 7*401 

„ Carbonate 9*012 

Sodium Sulphate 5*761 

Chloride 3*272 

„ Carbonate 1*039 

Calcium Sulphate 4*180 

„ Carbonate 45*400 

Ferric Oxide and Phosphoric Acid 0*460 
Calcium & Magnesium Phosphates 9*2 10 
Silica 9*641 

Charcoal 3*162 

Aluminium Lithium Carbonate 1*459 


In Mr. Johnson’s “How crops^can grow,” p. 378,. 
we have the average of all trustworthy analyses of the ash 
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<;onstituents of tobacco, published up to 1865. .Average 
percentage of ash 24*08 consisting of : — 


Potash 27*4 

Lime 87*0 

Phosphoric Acid 3*6 
Sulphuric Acid 8*9 


Soda 3*7 

Magnesia 10*3 
Chlorine 4*5 
Silica 9*6 


When, with this, we compare the poor quality of 
good Indian tobacco grown at Buldana, the analysis 
points to the absence of the necessary carbonate of 
potash and the superabundance of chlorides so common 
throughout the country. 


Dr. Lyon analysed it thus : — 


Potash 

1-78 

Chloride of Potassium 

ir ,-82 

Oxide of Iron and Aluminium 

13-31 

Lime 

30-65 

Carbonic Acid 

2-08 

Magnesia • 

5-89 

Sulphuric Acid 

3-68 

Silica 

26-84 

Phosphoric Acid 

traces 


. 100-00 


Percentage of ash 21*28 

But as the whole plant requires food, the stalks and 
mid-ribs, which may possibly be, but are not always 
returned to the soil, should also enter into the analysis. 

According to Professor Stockbridge, the average 
Florida plant shows : — 

Nitrogen 2*58, Phosphoric Acid 0*99, Potash 4*34. 
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Dr. Jenkins calculated that an average Connecticut 
crop removed from the soil : — 

Nitrogen 100 lbs., Phosphoric Acid 113 lbs., and 
Potash 150 lbs. Two of the substances standing out 
prominently in the analyses are lime and potash, and 
we find that the best producers of tobacco invariably 
supply potash in large quantities, since the plant demands 
a greater amount of this food than most other crops. 
Jjime is seldom added to Indian soils without doing harm, 
but potash is often wanting, especially where tobacco is 
grown in this country, and potash is of the greatest 
importance for the tobacco crop, not merely for the quan- 
tity but more especially for the (juality. From the 
analysis we see that the mineral matten* taken from the 
soil by the tobacco plant amounts to about a (luarter of 
the weight of the dry leaf. The greater part of the ash 
consists of insoluble salts, principally cai'bonate of lime, 
and the soluble part, largely of potash salts, which may 
amount to from 5 ,to 85 p(u* cent. 

Cultivation experiments show that chloride of 
potassium used as a manure does not add to the organic 
potash salts in the leaves, but the sulphate, carbonate 
and nitrate do give up their potash for the formation of 
organic salts. It was Schlossing, who, in 18(30, showed 
that the good burning qualitic*sof a tobacco depend upon 
the potash it contains in combination with a vegetable 
acid. The analyses since made go to prove the truth of 
this, and that it is the carbonate of potash, which is the 
chief constituent e (footing combustibility and certainly 
improving flavour. 

The whiteness of the ash is due also to the salts of 

I 

sodium as well as to those of potassium, as they cause 
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the fibres to tear while burning and thus induce com- 
plete combustion. 

If tobacco burn badly and with a dark ash, we may 
be sure that the soil was dedcient in carbonate of potash. 
Such soils will never grow good tobacco. Not only 
must potash be in the soil, either naturally or by manures, 
but it must be present in an easily available state and in 
ample quantities, as tobacco is an exhaustive crop and re- 
quires a rapid and abundant supply of its ash constituents, 
and of ammonia. Reporting, in 1871, on exotics experi- 
mented with in India, Dr. Forbes Watson says, of the 
crops obtained from Shiraz and Havanna seeds in the 
Bombay Presidency, that the tobacco plants grown from 
different seeds on the same soil will possess substantially 
an identical composition as regards their mineral consti-» 
tuents. “I should next draw attention,” he continues, 
to the relatively large amount of chlorides in the tobacco. 
It is possible that this is due to the presence of chlorides 
in the manure, etc., used. If so, it Jeffords a proof of the 
facility with which the tobacco plant alters its mineral 
constituents according to the nature of the S(duble 
matters present in the soil on which it is grown, and 
showing its fusceptibility to treatment, holds out hopes 
of our being able to improve the mineral constituents of 
the plant in any desired direction by properly apportion- 
ing the soluble matters of the manures employed. It 
would be worth while, I think, to conduct a few experi- 
ments, something in this way. Samples’* of the same 
variety of tobacco might be grown on the same soil under 
the influence of different manures, subjected to the same 
process of curing and then submitted to analysis. This 
appears to me a lilf:ely method of improving the quality 
of the tobacco. The curing process might also be varied 
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with a view of ascertaiiiiag the effect ot lilterations in it 
on the percentage of nicotine/' 

The leaves when well dried gliould contain a mini- 
muui of 5 per cent, of potash. 

So long ago as the year. 1807, Professor Nessler was 
convinced that the manure used had much to do with 
the quality of the leaves as well as with the quantity. 
By careful trials he found that the duration of the glow 
continued with the increase of the potash in the leaf, 
and diminished when the percentage of chlorine was 
great. Of course these, though important factors, are 
not the only causes that affect the combustibility of the 
leaf. He records the following experiments : — 


Percentage of 

PefCentage of Chlorine. Duration of glow in seconds. 

PoUeh; 




40 

0-40 


25 and over 

3Tj 

0-22 

from 

13 to 24 

2-8 

0-67 

ff 

8 to 10 

2-2 

0-73 

ff 

4 to 7 

The question was taken up in 

1891 by the German 

Agricultural 

Society, the 

Potash 

Syndicate, and the 


Mannheim Tobacco Combine, as well as by various 
German States, and experiments begun on the Darm- 
stadt Experimental Station, both in pots and in the 
field. The results showed that plants receiving very 
little or no potash as manure showed only from *51 to 
*70 in the leaves, that such as were over liberally sup- 
plied with pQtash, contained as much as (5*15 per^ cent, 
potash calculated on the dry substance, but the largest 
yield was obtained from a manuring that produced only 
2*3 per cent, "potash in the leaf. 

The average of the very great number of experi- 
ments with reference to the duration of glow of the 
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fermented leaves made by Wagner confirm the decisions 
previously arrived at, that the duration increases with 
the increase of the percentage of potash in the leaves. 
Flad the amount of chlorine been also taken into 
consideration in these experiments, many apparent 
discrepancies would probably have been explained. 
This, however, is clearly brought out in the experiments 
on the combustibility made with nineteen samples, 
which were sent for examination by*the United Lankat 
Plantations Company, London. These prove clearly 
tjie statement of Wagner that “as a rule, the tobacco 
leaves must contain at the very least 5 per cent, and, if 
possible, (3 per cent, potash, and not more than 0*6 per 
cent, chlorine, calculated on the dry matter, if the funda- 
mental conditions of a perfect ‘ burn ’ are to be fulfilled.’' 

Professor Wagner, in his experiments on the burn- 
ing quality of tobacco, brings out clearly the increase of 
burning power with the increase of potash in the leaf. 

An interesting table from his work follows : — 

« 

Dry substance 



No. of seconds 

contents in 

xpeninonts. 

the tobacco burned. 

potash, chlor. 

1 


5-5 

8-0 

2 

8-4 

3‘(j 

2-‘) 

8 

4 

40 

3'2 

4 

8 

2-8 

0-4 

5 

10 

4-4 

ro 

. () 

29 

6-5 

0-3 

7 

29 

7-6 

0-4 

. 8 

60 

6-2 

0-7 

9 

60 

6-C 

V2 


Tobacco is oqe of the most profitable crops grown in 
tropical and sub-tropical countries, and India is one of 
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th€ most important tobacco-growing countries of the 
world, the acreage under it being about *2,000,000 acres, 
though the quality is very inferior. The only chemical 
deticiency of Indian tobacco, according to Lhe result of 
several analyses, is in carbonate of poUisli, proving the 
poverty of Indian soils in this important plant-food. 

At Kentucky, U.S.A., various experiments were 
made with fertilizers both incomplete and complete. 
Muriate and sulphate of potash gave equally good results 
though we are inclined to recommend sulpliate, which 
does not contain common salt. Nitrate of soda produced 
a better quality of leaf than other forms of nitn^gen. 
Of complete fertilizers : — 

(SO lbs. of nitrate of soda 
80 ,, dried blood 

160 ,, Muriate of potash 
14 ,, I)<)iible superphosphate 

produced 1,460 lbs. of cured leaf. J3y doubling the 
quantity of fertilizer the yield of leaf was increased to 
1,6*20 lbs. 

Although we find so little phosphoric acid in analyses 
of the plant we learn from experience that a good 
supply of this plant-food ingredient is dcmidediy benefi- 
cial. As with a number of other plants, the action of 
phosphoric acid and its absorption, assimilation, and 
excretion by plants is yet little understood, and we look 
forward with great interest to the forthcoming experi- 
ments and researches on the subject of Professors 
Wimmer and Roemer of Anhalt (Germany). 

As to the proportions in which fertilizers are to be 
mixed there is, and will be, a deal *of divergence, but 
• 30 ' 
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many plantois use planfc-toods in the propoiuion, niti'o- 
gen phosphoL'ic acid I, and potash 2, and the best 
Connecticut Valley growei's, who depend solely on ferti- 
lizers, use for growing tobacco year after year on the 
same soil from l,/300 to 3,000 lbs. of this mixture. For 
India a manui e made up of the following mixture would 
probably produce ('xcellent results : — 

Cotton seed meal i 

.1 , 8 cwb. 

or castor cake meal... \ 

Sulphate of potash .. 3 ,, 

Eonemeal or superphosphate 2 ,, 

Bone is preferable, for the sulphuric acid in super- 
phosphates is considered injurious when present in 
excess, and in a warm, moist country, bone is ])y no 
means a slow-acting manure. 

At Callioun, on red sandy and grey sandy soils, 
nitrogen in the form of nitrate of soda, cotton seed meal, 

or dried blood, caused, a marked increase in the quantity. 

« 

The best quality of leaf was obtained by a mixture 
of cotton seed meal, superphosphates and sulphate of 
potash. 

In experiments made in Virginia, dried blood for 
nitrogen gave the largest yield and the best financial 
returns, and in all cases the tobacco ripened from ten 
days to two v/eeks earlier on the fertilized plots. 

J,n Deli, Sumatia, where the tobacco grown has 
obtained a world-wide fame, the beds are highly ferti- 
lized with ricli manures, a complete guano or complete 
specially prepared fertilizer (artificial), and on old lands, 
to ensure safety against grass and weeds and to add 
potash to the soil, the land is burned over and the soil 
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enriched by the ashes, and perhaps deodorised by the 
charcoal and the heat. 

In Trincomalee (Ceylon) sandy soils are chosen, and 
compost from dunghills, or dry powdered cattle dung is 
used. Wherever tobacco is grown stable manures are 
commonly employed, but it is everywhere admitted tha 
fertilizers known to be rich in potash are especially to be 
recommended. In many parts of th(^ United States of 
America it is customary to apply specially prepared 
fertilizers after the plants have attained considerable 
size, to still further stimulate the growth of the crop. 

There are two sets of experiments with various 
fertilizers, carried out by Wagner, which are of tlu' 
greatest interest to the tobacco-grower who wishes to 
get the best returns as to (juality and quantity foi* tlu^ 
money he expends in raising his crop, as every intelli- 
gent farmer wishes to do. The first series was conducted 
with artificial fertilizers only, tlui second with artificials 

I 

with cattle manure, and with a combination of both 
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sal. potas. 
ammon niti*. 
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HeL*e we note that, thou”li one of the experinierits 
with an incomplete manure shows as good a return as 
one of the plots treated -with a complete fertilizer and 
even 9 lbs. more than with another, the percentage ol‘ 
potash is greatest in the leaf in the coiiipleto manures, 
and practically both for quality and quantity it pays 
best to use fertilizers containing all the constituents of 
a well balanced plant-food. 



470 


The result of the second series is as follows : — 


•>pucoo9 
•S0A'H9| p9 
|-^U0UU9J JO MOJ^ 
JO uo|!jt’jn(| i 


00 

(D 



t- 

o 


CO 

CM 

CO 

•rH* 

CM 

CM 

CO 


CO 

-IN 


HN 



HN 

(£> 



»o 



»o 

iO 

CO 

CO 

CO 

ao 

O 

»n 

CO 


GO 

rH 


O 

rH 

o 


CM 


o 


00 

00 

00 

6 

CM 

'M 


(M 

(M 

CO 

O 

O 

f-H 

CO 

O 


rH 

»o 

lO 

o 

CO 

00 


t- 

-tH 

CO 

CO 








— 



— - - 


o 

t- 

00 

o 

CO 

00 

CO 

1 

•M 

CD 

1 

rH 

1 

CD 

1 

rH 

1 

1 

tH 

CM 

1 

Ol 

1 

<M 

1 

CM 

1 

00 

»— 1 



rH 



— 


— 





-M 

CD 

CD 

o 

r> 

O 

1 

1 

t- 

1 

tH 

1 

rH 

1 

CO 

1 

1 

CO 

1 

CM 

I 

•H 

1 

-H 

1 

1 

tH 

t-H 

tH 

rH 

tH 

rH 

rH 




HN 

c* 

Ml 




00 

rH 

CM 

HN 



-4N 



00 



CO 


O 

CO 



CO 

CO 

o 

rH 



rH 

CM 

-H 

■*D 

* 





O 



■/} 



P4 




•> 





o 

“ 


O 






CD 






4J 

* 


. 

rd 



CD 

• 



2 

- 

CQ 

• 


-/) 









% 




- 


o 



O 



r4N 



HN 

HN 

MH- 

CO 



CM 

rH 

CO 




~00 

'CD 

O" 






rH 


n3 

• 

73 '• 

- • 



ka 


M • 

O 



ce 

a 


c8 

a 

A 



o 

00 

00 


;o 

I 


fl> • 

^ . 

■g,.S 

1 § 

ii 

:f ca 

O ,4_, 

'£> O 



It is more interesting to Indian farmers, for we 
have trials with farmyard manures with wliich to make 
comparisons. It is worth noting in the first five 
experiments : — 

(1) That the plots treated with incompU't(i fertili- 
zers produced no more leaf than the un- 
manured plot and considerably less weight 
in stalks. 

(‘2) That the percentage of potash in the dry leaf 
was nearly double that found in the heaves 
from the unmanured plot. 

(8) That though tlie chlorine in the manured 
plots showed a percentage of chlorine 
betw’een 8 and 4 times that in the iin- 
iiianured leaf, in only one case did it go 
above 0*075. Though it reached 0*882 in 
this case, the potash percentage was so 
high that the burning did not appear to be 
much affected thereby. 

(4) That with the increase of potash in the leaf 
the ])urning quality increased, the duration 
of combustion lasting, in the case of tln^ fer- 
tilizer plots, twice as long as it did in the 
case of the unmanured plot and Nos. 0 
and 7 vrhich were treated with cattle 
manure alone, 10 tons being applied per 
acre. In these we find the weight of stalks 
decrease considerably and the weight of 
leaves rise proportionately above the plots 
manured with incomplete fertilizers: but 
the percentage of potash contents of the 
dried leaf also falls, whilst the chlorine 
rises to 2*448 and 2*905, bringing down 
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the duration of glow below even that of the 
leaves from the unmanured plot. 

The use of a complete fertilizer together with 16 
tons of farmyard manure, produces a fall in the weight 
of stalks and a decided increase in the weight of leaf, 
raises the amount of potash in the leaf but does 
not, to any extent, decrease the chlorine, with the 
result that the burning quality suffers and the duration 
of the glow is very much less than that found with the 
leaves of the plots not treated with cattle manure. 

It is evident that the deleterious effect is due to the 
chlorine, of which no small quantity is to be found in 
farmyard manure. Another point in evidence is the 
fact that with the increase of the sulphate of potash in 
the manure, there is a corresponding increase in the 
potash contents of the leaf. By the use of larger quanti- 
ties of silicate of potash there is not a corresponding 
rise, but rather a fall in the potash contents, yet as this 
is accompanied by a corresponding fall in the chlorine 
contents, the burning power is not diminished. The 
advisability of its employment must depend upon its 
price. 

The points to be considered in cultivating tobacco 
are so many that the crop requires most careful attention, 
as regards climate, soil and manures, to produce burn, 
taste, aroma and texture of leaf, and the cutting, drying, 
sorting, and curing must be in the hands of experts, if the 
best possible return is to be obtained. Speaking of 
Ceylon tobacco Mr. A. MacDonald Gibson, an expert 
from Borneo, says: — “The full natural flavour of the 
tobacco ought to be retained, the colour of the leaf im- 
proved and the tobacco generally cured so that it will 
keep any length of time. The native system tends rather 
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to (destroy the leaf while it renders it as black as possible 
and liaV^le to rot ; hence the anxi(^ty ot cigai*- makers to 
sell their cigars as early as possible.” In a further 
note, he adds : — ‘‘There can be little doubt that culti- 
vated tobacco land will largely iiicroaso when tlu' railway 
runs through the Wanni a?id the limited market for 
local tobacco, as it is at present produced in Ceylon, 
will be flooded. Prices will drop till the industry will 
become unprofitable unless the Ceylon tobacco is 
rendered acceptable to other markets than would at 
present receive it.’* The Ceylon Government Adminis- 
tration Keport for 190*2, says : — “ There has been a fall 
in the price of the leaves grown locally and it is a matter 
of great anxiety with the tobacco-growers of the 
Province that the price is on the decline for some 
years past. The fall in the price is chiefly owing to the 
markets being glutted and, unless a fresh market is found 
for the local product, no material improvement can be 
effected.” A trial was made by Mr. MacDonald Gibson 
at Pallai in curing the Jaffna tobacco to suit Kuropean 
markets. He says: — “I have nothing now to mention 
regarding this important industry which will continue to 
be unsatisfactory to the producer until he begins to 
realize the necessity for improved methods of curing the^ 
product. I can only call attention to my observations 
in previous Administration Reports.” Tn the Jajjna 
Catholic Guardian we find the. following: — “Tobacco 
cultivation is extending in the Northern fhovince ; but 
the general complaint of the tobacco traders is that the 
leaf produced is getting to be more and nu^re deteriorated 
in quality. This is due to the want of high cultivation 
and high manuring, . which arc necessary for the 
production of a good article pospssing the desiied 
strength and flavour. The labour and manure bestowed 
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fonnei-ly on one acre is now spread over two or three ; 
hence the great inferiority complained of. Cultivators 
who look more to the quality than to the quantity of the 
ci-op, find to theii' advantage, that it raises competition 
among purchasers.” 

The same words might well apply to Indian-grown 
tobacco, especially now, when American cigarettes are 
import(jd into the country by tlie million and the taste of 
strong tobacco, formerly universal, is now slowly but cer- 
tainly changing to that of the American cigarette and the 
cigar of indigenous tobacco wrapped in a Sumatra leaf. 
As in other parts of the world so also in India, smokers 
are becoming more exacting in their demands, are more 
fastidious, and constantly insist on obtaining better goods 
for their money. The trade, however, always pays well 
for good tobacco. 

To raise a crop of tobacco is about the easiest thing, 
but it is quite a different matter to make a crop pay well. 
Still, care and attention, with occasional experiments on 
a small scale at first, will enable a farmer to pi’odiice 
tobacco better than that received from countries where 
it has been grown a hundred years. 

The most careful attention must be paid not only to 
its curing but to the mechanical texture of the soil on 
which it is grown and to the use of complete and well- 
balanced fertilizers. The percentage of nitrogen is 
greater than in any other crop ; part of it exists as 
nitrates, the ribs sometimes containing as much as 10 
per cent. The composition of tobacco is very variable as 
seen from the analyses, and, like all green crops, its 
constituents are much influenced by the manures. 
Nessler has come to the same conclusion as Wagner that 
the quality of the tobacco is improved in proportion to 
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the amount of potash salts in the soil (or added to it by 
manures) capable of producing potassiuni carbonate in 
the ash. The amount and composition of the manure 
required for any particular field is sometimes determined 
by an analysis of the soil, but nowadays the more 
practical Americans calculate what the plant removes 
from the soil by analyses of the crops and draw infer- 
ences from observation of the defective properties of the 
leaf. If, for instance, too much nicotine is observed though 
the land was otherwise suitable, it indicates that the 
manure given was too highly nitrogenous. If, as is so 
often the case in India, chlorides abound in the leaf, we 
may, with confidence, look to the faulty manuring or 
Watering, both of which so freqiKmtly contain a high 
percentage of salt. 

The bad burning and black ash of Indian tobacco 
show only too clearly the well-known deficiency of the 
soil and the manure in potash and the consequent 
absence of carbonate of potash in the leaf. 

It is said that, owing to volcanic action in Java, 
there are spots where no artificial manuring is required ; 
but, as a rule, (wen the best soils are, befoi*e long, diqilet- 
ed of their plant-food and unable to grow so exhausting 
a crop unless fertilizers are applied to return to the land 
the plant-foods extracted by the haiwest. 

In the Godavery and Kistna delta where the famous 
Lunka tobacco is grown, we have climate and soil the 
most favourable, on the sandy islands from which the 
rivers recede, leaving an alluvium silt, yet Mr. (Jaine, the 
tobacco expert engaged by the Madras Governuient to 
make a tour of inspection of the Godavery Lunkas, 
pronounced the cigars “execrable, being strong, rank. 



hot and saltish to the taste, besides gritty and full of 
sand,’* though he believed it could be made to compete 
with Virginian tobacco and bring from 8d. to Is. per lb. 
in England. 

How far this defectiveness is due to faulty manuring 
and how far to bad* curing, has not yet been decided. 
Wherever good tobacco is grown in India it will be found 
that the peasant uses all the manure available and all the 
ashes he can get to fertilize his fields. Unfortunately he 
has not much idea of balancing his manures for tobacco 
01 , perhaps, he knows what is to be used but cannot obtain 
what he wants, owing to the difficulty of procuring 
manure of any sort. In the North-West Provinces 200 
maunds of the richest manure available is often used per 
acre. But wdiether this rich manure that is available is 
all nitrogenous does not seem to be a point too carefully 
considered. In the Punjab, ashes are invariably used 
where procurable, so that it appears pretty plain the rayat 
knows that potash is both useful and necessary for his 
tobacco. Just outside Bhilasa a small plot has been 
famous for its superior tobacco during the last .100 years ; 
but in this not only is horse, cow, and sheep dung used 
extensively, bub a large quantity of ashes, with straw, is 
added, and the baked clay of earthen pots. 

Unfortunately the mineral constituents or ash of 
most Indian tobaccos contains much less potash than the 
fine American tobaccos. 

The Spaniards brought tobacco from Mexico to the 
Philippines shortly after they had conquered the islands, 
and the land is capable of producing as good leaf as the 
Vuolto Abaja District of Cuba. Though the choice 
Manilla cigars come from the Philippines, the tobacco is 
gradually becoming inferior, the result, no doubt, of a 
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depletion of the soil and a neglect to replace in the fields 
the foods taken out by the plants. 

It is not only in India tliat cxperitneii tin’s with 
exotics and users of new manures are. laughed at. In the 
United States of A^merica, the Department of Agriculture 
tried Sumatra tobacco.s under shade, in tlie Conni'cticut 
Valley. Of course, the farmers around had giown tahacco 
for years. They knew whal the soil and climate could 
produce and the sort of tobacco that could l>e grown in 
their district, and tliey wei’e I’ather amused with the 
new fad of bringing in a new tobacco. But within a year 
they learned that an exotic t.)bacco could be grown on 
their soil and fetch a price far ab ove anything the. ordi- 
nary kind had realised in their markets. I ipioti'. In 
a.vtenso from the Kiiport of tlu^ Director of the Con- 
necticut experiments because T belii^vi' the introduction 
of exotic tobacco will prove highly bcmeticial to India, 
and thvU’e is no reason why (^xpmumonts with these 
should not be tried while every (dfort is being made to 
impi’ove the indigenous variety. L havi^ tried Ameriean 
tobaccos on the farm of the Presidency Araniirii Works, 
Ltd., in the Nortli Arcot District, with wonderful suc- 
cess, and the seeds from Sumatra gave results as good. 
The Connecticut Report runs as follows: Tiie best 

Sumatra type is a leaf smaller than tlie Havana, lb or 
18 inches being the desirable limgtli, light to medium 
colours, with open grain, free burn, great elasticity or 
life and very thin texture. That is what th^i tiade 
wants. In i.900 the Connecticut Agricultural Station 
began trying to raise this quality of leaf. One-third of 
an acre was enclosed with a substantial wooden frame, 
to support a cover of very thin cheese cloth nine feet 
above the ground and closed on all sides to the ground 
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with the same material. The soil was fertilized as 
usual for our other leaf and half the acre was set with 
Sumatra plants and the other half with new England 
Havana. J3oth were set much closer than is usual in rows 
of three feet and one-and-a-half feet apart and plants 
inches apart in the row. The cover was a perfect 
protection against insect pests. Cut worms did some 
damage to the young plants, but no flying insects preyed 
on the tobacco. At harvest it was -very hard to find a 
leaf which showed insect bites. The tobacco was also 
perfectly protected from wind whipping and from light 
hail. The temperature under the shade was considerably 
liigher than outside and fluctuated less. The two rows 
eacli of Havana seed le3af and of Sumatra grown under 
the shade, were topped rather high. The leaf from th(‘ 
topped plants, liowever, after curing, was seen to be 
distinctly inferior to that of the untopped plants. The 
untopped tobacco of l)oth varieties grew to the cover \) 
feet from the ground and the Sumatra stalks bent over 
and grew to a length of 10 or 11 feet*. Th(3 occasional 
rain <ind wind storms of tlie Summer did no seritms 
damage to the cheese cloth. The leaves were picked or 
'primed’ when they were thought to be ripe, strung on 
strings, cured in tlio usual way and then fermented in a 
pile or ‘bulk.’ When ready for market, samples were 
taken from the several primings except the first, which 
included only inferior bottom or sand leaves. Each hand 
was a single string of leaves just as the girls had strung 
them and therefore represented the general run of the 
leaves and not a selection. After taking samples, this 
little broken lot of Sumatra leaf, from only one-sixth of an 
acre, sold for 8s. per lb. The samples were sent to a » 
number of leading qealers and manufacturers with the 
request to examine carefully and give their opinion of the 
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quality of fche leaf and to state fully its detects. These 
reports, from men who are in touch with the present 
condition and requirements of the tobacco trade, and 
who had no personal interest in the crop, settle, beyond 
dispute, the quality of the Sumatra tobacco we raised.” 

Kupees ‘2 annas 4 per lb. ! Only to think of such 
prices alongside a Government report concerniTig the 
price of Indian tobacco, which reads : — “ A well grown 
crop is expected to yield from 20 to 24 mauiids per acre 
(80 lbs. make a maund), the money value of which 
may be estimated at Us. 100 to Us. 1‘20, Us. 5 being the 
average price per maund of country-cured tobacco.” 
A penny a pound ! An objection may bo raised that t,he 
Connecticut leaf which pays so well and the still better 
results obtained from the Sumatra tobacco w('.re probably 
due to the soil and climate, but the State is on the 
borders of the Atlantic, has a poor soil, and is subject to 
great cold, facts vvhich show that most places in India 
are better suited for the production of a really excellent 
leaf. 

In order t(j obtain the same combination of stro/igth 
and aroma as the acclimatized plant, it must be placc'd 
under equally favourable conditions of temperature a?id 
moisture. In this respect India is situated more favour- 
ably than the European States, whei’o foreign varieties 
of tobacco have been acclimatiz('d. In Europe tho. 
climate is such as not to allow of tlu^ full attainment of 
the original arcmia, but Cu’ban seed has Ixuui successfully 
giown in Austria with a remarkably good aroma, and 
there is no reason why foreign seed should md b(‘ ^i-own 
and tlie tobacco retain its original ijualities, if manuring 
and curing are properly attendi'd to ; f(-)r, in this vast 
count iw, a soil and climate should no*t be didicult to find, 
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suitabl(3 foL* thoroughly acclimatizing the plant. The 
present stock is foreign to India, and, as ground nuts and 
other crops becouic in course of time indigenous, we ought 
soon to have* an excellent tobacco on foreign markets, 
and India should be the chief tobacco supplier to the 
rest of the world. 

The meie chemical analysis of a soil helps us very 
little in determining the nature of manures to be 
employeii, so much depends on climatic conditions and 
the texture, if I may use such an expression, of the soil. 
One tobacco analysis is very much like another, but, 
a slight variation may make all the difference between 
good and bad tobacco, as, in essences, the change of one 
atom of hydrogem may make the difference between a 
scent and a stench. 

The soil, liovvcver, Iry careful attention, can be 
rendered as nearly as possible similar to that of the 
finest tobacco-growing districts, and then fertilizers, the 
cutting, sorting and curing, must, do the rest. In 
sandy soil the best tobacco is grown. 



Sand. 

Silt. 

Clay. 

New York soils show 

... ()8*81 

18-18 

7-43 

Massachusetts 

... (iO lO 

33-00 

3-31 

It is interesting to note that 

the coarser 

or filling 

tobaccos of cheroots and 

cigars are 

1 from soils composed 

as follows : — 

Sand. 

Silt. 

Clay. 

Pennsylvania 

.. 17-27 

49-02 

•29-27 

Ohio 

.. 23-31 

44-31 

27-5-2 


A. M. Howell in the Australasian, whose knowledge 
was acquired in the Southern States of America and 
improved by the growing and curing of tobacco on 
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modern scientific principles, states that the main 
questions, involved in the production of a good crop of 
tobacco, are ; — 

1. The selection of suitable soil for the type of 
tobacco desired to be produced. 

2. The selection of a suitable variety or varieties of 
tobacco, looking likewise to the class and type desired. 

8. The cultivation of the crop, including the work 
of the hoe and plough, the prompt and diligent pruning 
of the plants, the extermination of insect pests and all 
else that can })e done to promote th(i fullest expansion of 
the leaf. 

4, Preparations for curing and harvesting tlie crop 
at the proper stage of ripeness, looking to a uniform 
yield of ripe, mature leaf, and to desirable colours. 

o. The curing 2^^*ocess — the ultima thule of the 
tobacco grower — how to produce bright and beautiful 
colours that at once ca))tivate the tobacco manufacturois 
and command the highest market prices and pay the 
pi’oducer a good round profit. 

t). The care of the leaf after it is cured, which 
means its preservation in sound condition and the 
fixing of the colour, which may be lost or faded or 
deepened into other shades by improper management. 

7. Packing and marketing — in the local home 
market or abroad — with extreme care as to contents of 
moisture and the possibility of dangerous absorption of 
moisture in the hold of the ship. 

Of these the first is the most important point* to be 
considered. Notwithstanding the most skilful curing, 
which can make the best that is possible of any leaf, the 
influence of the soil must always tell. 

31 
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For growing cigarette tobacco and very fine 
wrappers a dark rich soil would prove hopeless. In 
Grenville County, North Carolina, where the finest 
types ol' bright tobaccos are grown, the soil is so 
sandy and poor that the farmers there say that it will 
hardly “sprout cow-peas.” Fine deep sand, with a 
friable workable soil that maintains a proper percentage 
of moisture, enables the leaf to expand to its utmost. 
The ribs and veins of a tobacco leaf never increase in 
number : whether tiie leaf be half an inch or tliree feet in 
size, these remain the same, and consequently, the 
greater expansion of leaf, the greater the proportion of 
ribless and veinless matter and the greater the number 
of cigar wrappers obtainable between the ribs. 

Of course, sucli lands as these described above require 
heavy manuring. Farm-yard manure is sparingly employ- 
ed, but special mixtures of commercial fertilizers are 
added, so balanced, that the requisite amount of mineral 
■matter, viz., phosphoric acid and potash are supplied. 
Here the analysis of the j)lant helps us to a great extent, 
and experience must come to our aid when practice shows 
.that more of a plant-food is required than the analysis 
seems to justify. The essentials requisite in the manufac- 
ture of high grade cigars are : — The tobacco should burn 
pleasantly with a pleasant taste, not rank and strong, 
nor too mild, and the aroma will be good. The wrapper 
should be also light in colour, rich in grain, thin in 
texture, small in vein and stem, elastic, and of good 
burning quality. The leaves should be as uniform as 
possible in size, colour and quality. A leaf between 15 
and 17 inches will produce four wrappers, and is con- 
sequently a size that produces least waste. 
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The Suinatia tobacco-growers give the most careful 
attention to these points and they get a big price lor 
their trouble. The Americans know r.hat quantity alone 
does not pay and so they look most carefully to the quality 
of the leaf they can produce. They evidently understand 
the full value of the trite old saying : If a thing is worth 
doing at all, it is worth doing well.’* Notwithstanding the 
cost of shading and labour on farms in the United States 
the people have not been deter hmI Irom making the 
culture of Sumatra tobacco a decided success. Natives of 
India will scarcely credit the fact that tobacco can be 
grown at a profit under a cheese clotli shelter that 
cost no less than Ks. 1,050 for one acre. But the price 
obtained for the produce will explain tliis. It is certainly 
not leaf at Us. 5 per rnaund that would repay such 
expenditure. With everything so mucli cheaper in India 
it ought to pay to grow the best tobaccos. It is not 
sutlicient to have a good wrapper to make a good cigar. 
The all-iiuportant part* is* the filler and to grow this a 
different soil is required, whicli should contain moia^ clay 
and silt and less sand. Shorter leaves of a rich brown 
colour burning freely and having a good aroma are used 
as fillers, and excellent tobaccos of this description are 
grown in Northern Lu/.on (Philipiiies) and in Penn- 
sylvania, Ohio and Wisconsin in tlie U. S. A. Some 
excellent filler tobacco is also obtained in Southern India 
especially in and around the Tricliinopoly District. 

» 

Dark rich soils produce a large crop of lu;avy coarse 
leaf with large ribs and veins, which burns badly unless 
its manufacture is thoroughly known. sVhen made into 
cigars it is strong, biting, and evil smelling. The flavour 
and aroma are both poor. It is used for pipesmoking. 
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Though the quantity is great per acre the price is so low 
that it does not pay well. The choice of the soil is all -- 
important in the culture of tobacco, though, given a fair 
chance, a farmer can fit his fields for any tobacco in 
course of time. But, as in all farming, the question arises 
whether it would pay, whether the game would be worth 
the candle, and whether it would not be more advisable to 
select in the beginning, a soil suitable to the tobacco 
you wish to grow, using commercial fertilizers to 
supply the necessary plant-foods. In the United States, 
as great a success lias, been made with' pine-apples as 
with tobacco, on soils that apparently were worthless, 
because the farmer there, satisfied that the texture of 
the soil was fittest for his crop, knew that he could 
supply the plant-foods required to obtain the best paying 
harvest. Whatever the nature of the soil, too great a 
proximity to the sea must be avoided, for all experts agree 
that tobacco grown too near the sea burns badly, and if 
it contains 8'v;. chloride it does'not bprn at all. 

An application to the officials of the Indian Agricul- 
tural Department for seeds of the finest quality of 
tobacco will be attended to at once, and, as experiments 
with foreign varieties have already proved successful on 
demonstration farms in this country, it is probable that 
intelligent farmers will make similar trials. It will be 
the same cost to grow the best as the worst tobacco in 
the open, but the . difference in the price of the harvest 
will be very great and amply repay them for any extra 
care that may be taken. 

In order to assist all those who desire to try culti- 
vating tobacco m the Colonies, the Colonial Garden of 
Paris has asked for and obtained a series of instructions^ 
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drawn up by the International Commission of Colonial 
Tobaccos, of which the following is a summary : 

Conditions for the production of light tobaccos. 

(a) Selection of varieties, — Those varieties that 
in their country of origin possess a low nicotine content. 

{h) Soil, — Light permeable soils without perma- 
nent moisture are to be ])referred. 

(rO Manures, — Nitrogenous manures stimulate 
greater development of the leaves, greater thickness of 
the tissues and higher nicotine content. Potash on the 
contrary produces finer and more pliable tissues. 

{d) Density of Plantation, — The nicotine content 
is lower the closer the plants are to each other. The 
weight of the crop increases with close planting. Kx- 
periments made at the Colonial Liarden in 1911 have 
shown that the weight of the crop increased by 60 per 
cent, when 17,000 plants were grown on an acre instead 
of 8,500. For the production of light lobaccos it is there- 
fore profitable to increase the number of plants per acre. 

(e) Number of leaves. — The nicotine content is in 
inverse ratio to the number of leaves, while tlie weight 
of the crop is in direct ratio, reaching a maximum be- 
tween 15 to 20 leaves. 

Conditions for the production of combustible 
tobaccos. 

The variety is to be determined by trials of the com- 
bustibility of the leaves, and the soil that is selected 
must have sufficient assimilable potash : if it should be 
deficient in potash, this element must be added. For 
the reasons given above if a heavy crop of tobacco with 
low nicotine content is desired it will be necessary to 
ascertain by experiments with each variety which are 
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the optimum conditions of closeness of planting and of 
number of leaves, on the plan given below : 


Distance ])etween the plants. 


I Plot No. of leaves per 
j No. plant. 


The same 
variety. ‘ 


24 X 32 inches — 8,500 per acre. - 

24 X 20 „ 13,300 ,, | 

25 X IG ,, 20,200 ,, 


1 ! 

2 I 

4 I 

1 

6 1 

7 

8 
9 


10 

15 

20 

10 

15 

20 

10 

15 

20 


These figures hold good for Maryland, i^urley, light 
Kentucky and other lino leaved varieties, Sumatra, Java^ 
etc.” 

As to cultivation there is no need to give advice to 
the Indian raiyat. There are few rarmers in the world 
who can teach him anything in this respect. 

He has, however, confined himself, till now, to raise 
the ordinary coarse tobacco suiok'ed in the country and 

C‘ 

has conseqiumtly not given to the harvesting that care 
and attention required by better (jualities that pay so 
well in foreign countries and in the rapidly growing 
markets of India. ' 

Many authorities believe far more satisfactory lesults 
are obtained wh(?n the leaves are ‘ primed ’ than when 
the entire stalk is cut. In ‘ priming ’ the leaves are 
taken off the stalk as they ripen and this prevents the 
carrying of much green tobacco to the shed. Tobacco 
should iiHver be cut or primed when wet with rain or 
dew, as this causes the leaves to sunburn and little holes 
to form, which lowers the value of the leaf. 

Clarence W. Dorsey, an authority on American, 

I 

Manilla, and Sumatra tobacco, says : — 
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“ If the tobacco gives pi-(^mise of being ‘ wrapper ‘ — 
that is, if it is light green, vei-y sound in leaf and of 
desirable size — it should be primed at an early stage of 
ripening. If, however, appearances indicate that it will 
prove ‘ filler ' tobacco, it should be allowc^d to thoroughly 
ripen. Early or low topping is not desirable, as it throws 
too much growtli into tlie leaves, making them too coarse 
and large. If the plants are thrifty and tlu^ weatbiu* 
favourable for growth, it is frequently advisable, if thin, 
fine-textured leaves are desired, not to top the plants at 
all, but let them produce their flowers and sc'cd pods. 
If, however, the plants seem weak and it appears that 
they cannot mature th(‘, full number of leaves, they 
should be toppcxl by pinching out the ‘ buttons,’ allowing 
as many leaves to rcunain as th<* plant will be able to 
mature. When plants iiave been topp(‘d too low and 
the leaves thicken and curl, a few suckers may b(^ y)er- 
initted to grow, which will remedy any thickening or 
curling. By using gcj^jd pidginent in the iiiatter of top- 
ping and suckering, and making proper allowance as to 
the soil and climatic conditions, th(i leaves can ho grown 
to almost any thickness that is desir('d.” In Nortiuu'n 
Luzon, the gathering of the ripeiUMl leaves is spr(.‘ad 
ov(n: 40 days, five gatherings taking place, one after 
every S days. The primings should l)e kept separately 
in the shed, and fermented separately, for the leaves from 
different parts of the plants require separate treatment. 
Throughout the growth of the plants constant care 
should be taken against insect pests of all kinds. Worms 
should be removed by hand or the whole crop sprinkled 
with insecticides such as Baris green. For seeding, only 
the best plants should be selected and allowed to grow 
to their full height. 
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Though priming may somewhat more expensive 
it certainly pays best with choice tobaccos. 

As the value of the tobacco depends so much on the 
manner of curing, great pains should be taken about the 
fermentation and subsequent sorting and grading. 

Fermentation brings out the proper texture, glossy 
appearance and colour of the leaf, and the characteristic 
properties which are scarcely apparent when the leaf is 
cut in the field. 

As to the art of “curing tobacco” it is not to be taught 
by books. One, expert in the business, must teach it ; 
but experience will soon be gained by tlie raiyat, and, 
once a determination to improve the indigenous leaf and 
to profit by the culture of the best exotics is made plain 
to the Government, I have no doubt the authorities, in 
their own interests, as well as those of the farmers, will 
push the industry with as much anxiety as ever was 
shown in the improvement of the cottons of the country, 
though it is to be hoped that interference with the 
raiyat’s method of agriculture will be avoided, for mis- 
takes enough and heavy loss have always been the result 
of an attempt to improve on the Indian peasants’ method 
of tillage. Experts can then be brought into the country 
from Cuba, the United States, Sumatra and Manilla, 
to teach the Indian farmer to make the most of his 
improved crop. When that day arrives, tobacco-growing 
will be a source of great wealth to the country. There 
is an immense field in India for the culture of tobacco, 
and a still greater one for the improved preparation of 
the leaf. It would pay well to give the greatest attention 
to manures and fertilizers, especially to the use of potash, 
which is acknowledged to be badly wanting in the tobacco 
crops hitherto raised in the country. 
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A FEW HINTS ON MANUHING. 

The three great growing centres of tea are China, 
India, and Ceylon. Indian tea goes half as far again as 
China tea so far as depth of colour and fulness (not 
delicacy) are concerned, one lb. of China tea producing 
5 gallons of tea of a certain depth of colour and fulness of 
flavour, whilst one lb. of Indian tea will produce 7.1 
gallons of a similar beverage. China sent in KSbo to 
the United Kingdom 9S‘'/ of the tea imported there, whilst 
India was responsible for 2'V, and C(^ylon sent nothing. 

China. India. Ceylon. 

In 1875 the figures had changed to Hi) Id 0 


In 188r) 


h() 

80 

0 

In 1895 

• 

1() 

41) 

H‘2 

In 1899 


L2 

50 

85 


showing that China tea has been pushed out of the 
United Kingdom in tavooir of Indian and Ceylon tcias. 
It was in the middle of the seventies that a disease 
Hemeleia Vastatrix” wiped coffee out of Ceylon and 
ravaged the estates on the adjoining continent. The 
predisposing cause has never been ascertained ; but I am 
inclined to believe, and I have the opinion of old coffee 
planters on my side, that the burial of pulp at the roots 
of the plant had a great deal to do with the total 
destruction of the coffee in Ceylon, and th(j application 
of the same in a half-rotted condition on Indian 
estates caused the terrible devastation then experienced, 
though the evil was not so great, as pitting h(%d been 
in vogue here, whilst burial in the rows was the practice 
in Ceylon. My reason will be giveri^when dealing, later 
on, wdth the burial of prunings. 
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• As nothing remains on the soil to replace the plant 
foods taken away in the leaves, there must come a time 
when tea soils suffer depletion unless manured, and the 
fertilizing, to produce good results, must be complete, 
sufficient and well-balanced. To judge from the best 
authorities in India and Ceylon this period has been 
reached. The Indian Planters' Gazette of April 19, 
1901 contains an article on the “Kenovation of Tea 
Estates,” by an Old Planter, from which the following 
extracts are taken : — 

'* The lighter soil in Sylhet and Cachar is exhausted, 
and though ])ersistence in keeping up estates which 
yield but meagre returns (that cannot really be con- 
sidered legitimate profits) may suit the views of certain 
interested parties, who alone benefit, the hopes of share- 
holders grow fainter every successive season. chief 

need of the tea i^lant is ammonia, which, by enriching the 
sap, gives greater strength to the leaf, which, sales show, 
the Surma Valley teas are deficient in ; phosphates 
develop wood and fruit, corresponcling to bone and 
muscle, but as the ordinary run of our plants are toler- 
ably supplied in this respect when not knotted and 
gnarled by the now fortunately obsolete system of 
pruning, the bonemeal vended does not contain a sufii- 
cient proportion of ammonia to bring our leaf up to the 
mark : an undue amount of the alkali would prove 
detrimental, but ‘25% is certainly required, so that agents 
jiiight w’ell put themselves into communication with 
the local gas works upon the subject. 

Mr. Mann’s whole attention should be directed to 
the subject of manure ; we do not require analysis of 
soils, which everyone knows have long since parted 
with whatever productive properties they may have at 
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the outset possessed. Pew, even if they have the land, 
can afford the expense of extensions, which will return 
nothing for four years, and a good number, by ill-advised 
relinquishments, have brought their whole available area 
under one plant. The only hope therefore lies in reno- 
vation ; the alternative we need not dwell upon. Rule 
of thumb planting must give way to systematic garden- 
ing, which ultra-conservative orchard owners liave at 
length realized in Kngland.” 

At a Meeting of the Indian Tea Association in Cal- 
cutta in 190*2, Dr. Mann, the scientilic expert, said - 

“ The Chairman has asked me to say something 
about the tour recently made by me in tlui t(^a districts 
in the course of which 1 visited almost (‘very district in 
Assam. Tliere was nothing which struck me more 
during tliat tour than the fact that during the past few 
years there has been a continual expansion of tea, and 
really without any^eribrt’(U* very little being made? to k(jep 
up the production of area already und(U’ tea ; in tact one 
or two gardens which I saw gave figures which scami 
to show that, with the area doubled, the product of tea 
was precisely the same as it was before. 1 cannot help 
the conviction tliat thc^ whole of tlnit decreased reduc- 
tion per acre under tea cannot be (^xplairuid by any 
method of finer plucking. What we need is a concen- 
tration of attention to the an^a aln'ady under tea. To 
say the least, it is a bad thing to go on extending, the tea 
area without givitig time, attention or money to keeping 
up the production of the area already under tea. At 
the present moment it does not seem to be the idea of 
the Committee or of the teaindustr^y to increase produc- 
tion at all.’ 
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The idea is more that we should devote our attention 
to the improving of the quality, or rather keeping up 
the quality we have already attained to. There seems 
to be no doubt that during the past ten years the 
quality of the tea from a very large number of the 
Assam tea gardens has deteriorated ; that is morti 
especially the case in those districts which have up to 
the present been famed for a high quality of tea. I am 
at present devoting more attention to this point than to 
any other. My investigations at present are directed to 
finding what constituents in the soil render it capable 
of producing high quality tea and what constituents are 
present in those gardens which are, or have been, famed 
for the quality of the tea they have produced.” 

The amount of British capital invested in tea 
gardens is about .^80,000,000. In Ceylon, which in 1888, 
sentl, 000,000 lbs. of tea to London and increased that 
to 115,000,000 in 1900, there is no doubt that manuring 
plays an important role, but ‘theVe ,,is danger that in 
trying to avoid expense, serious harm may be done. Mr. 
Joseph Fraser, Chairman of the Directors of the Pita- 
kande Tea Company of Ceylon, Limited, and an autho- 
rity on tea-planting, unfortunately recommends the 
burying of primings and, notwithstanding the opposi- 
tion of many scientists, not only maintains that it does 
no harm, but attempts to prove that it is beneficial. 
One of the laws of sanitation inhuman life is the remov- 
al of all excreta from the surroundings. Emanations 
from the body are pleasant when slight, and will explain 
the love, of the old arm chair, old garments, the old 
house, etc., and why some people cannot sleep well 
in a new bed. These emanations, when over-concen- 
trated, become noxious and poisonous. We shall pro- 
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bably find the same rule as an axiom of plant-life. Nothing 
else can explain the inability of beet to grow on soils on 
which it has been raised continually for some years, •tlioiigh 
the mere burning of the soil renders tlie land again fit. 
This alone will explain clover sickness and the apparent 
mystery of orchards suffering, if over-run with grass, and 
will probably account for the dying down of whole 
forests in course of time and these being succeeded 
by trees of quite a different species. Mr. Josepli Fraser 
refers to the Pitakande Fstate to prove that the burial 
of primings is not only harmless but ]H)sitively beneficial, 
taking as it does the place of manuring : but in the 
Tropical Agricidtnrist, in reply to this statement, I find 
a letter from Mr. F. L. Clements analysing the expori- 
ments carried on for six years on this l^^slate. Mis re- 
marks are suggestive, and not in favour of the burying 
of primings — in fact he produces the evidence from 
Pitakande to condiuiin tlu^ custom. He*, says “ Un- 
fortunately 1 have not seen the list of ex])(‘riments Imt 
presume that pruning was carried on in the '2nd, 4tli 
and 0th years. If such be the case*, I pi'esiime that the 
burying of primings took place in the same years and 
there is nothing more damnatory of burying tl)an the 
results shown there.” 

The fall in the average product would certainly not 
have been so great, if no manure had been used. The 
burying of primings appears to me to be the cause and 
with Mr. Clements I am inclined to ask: — 

• 

“ Do these figures also indicate a steady deterio- 
ration of the tea bush and of the soil ’ and ti) add; — 
“Does not the cause lie in the placing at the plant 
roots the very excreta of the plant itself ”? At the risk 
of being too prolix on the subject I give the opinion of 
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Mr. John Hughes, Agricultural Analyst, that appeared 
in the Tropical Agriculturist : — 

“Judging from notices in the Cefjlon Observer y it 
would appear that practical tea planters are becoming 
doubtful of the general utility of burying tea primings 
in trenches under all conditions of soil and weather. At 
an important meeting at Dimbula, it was stated that 
primings which had been buried just previous to a very 
wet season in the Uva District, had not decomposed at 
the end of three or four months of very wet weather : 
but that an injurious fungus was developed to such an 
extent that one per cent of the tea bushes had died in 
conseqiKuice. The idea of utilising the leaves and small 
twigs of tea primings as a future source of humus to 
the soil, is no doubt correct in theory, but to be practically 
useful the conditions of the soil and weather must be 
favourable. 

Green leaves, like green grass or clover, buried 
near the surface in a light poiDiis sqil, followed by a 
period of hot dry weather, will rapidly decay and afford 
valuable plant-food. But damp green leaves associated 
with large branches buried over six inches deep in a 
stiff ferruginous clay soil, saturated with water, are more 
likely to be a serious source of danger than a source of 
plant-food to the tea shrub. In the presence of an 
excess of moisture and a deficiency of air, an acid decom- 
position of the green leaves is likely to be set up, and 
the resulting acid compounds will not be conducive to 
the healthy growth of the rootlets pf the shrub. As 
long sinqe as 18()d, the late Dr. Agustus Voelcker, f. k. s., 
writing in the journal of the Eoyal Agricultural Society 
on “ Manures for root crops,” stated that : — “ No acid 
combination, as such, can enter into plants without 
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doing them serious daiiiag(3 : even free vegetable acids 
such as Ulmic and Humic acid are injurious to all crops 
cultivated for food for the use of man or beast ; and 
unless these acids, which are always present in what 
practical men call sour humus, are neutralized l)y lime 
or marl or 'earth, none but the roughest and most 
innutritions herbage can be grown.” 

The above was the opinion of one who was rightly 
regarded as an authority on the properties and application 
of artificial manures. 

The success, which has attended the use of non-acid 
manures such as Basic Slag arid tin; more; rapidly avail- 
able manure, known as Basic Superphosphate, is largely 
due to the fact that both these fertilizers have a, dis- 
tinctly alkaline reaction and are specially suitable to 
soils deficient in liiiK' like those of Ceylon tea estates. 
The addition of Basic Slag, however, to the barit*d 
primings cannot be done surficiently to ensuri; tht; com- 
plete neutralization oT the acid decomposition. Conse- 
quently, instead of burying the prunings the safer plan, in 
the writer’s opinion, would be to remove them, and after 
stripping off the leaves at some central spot, to stack the 
branches for future use as fuel and bo allow the leaves to 
decompose in a heap, sprinkled with some sriil and a 
little freshly burned lime. If the object is to convert the 
leaves into healthy and useful humus, the process of 
decay will certainly be carried on much more rapidly 
when the action of the air is allowed tf'> have full .elicct, 
rather than when the leaves are buried in trendies, in a 
stiff clay soil, sodden with exce.ss of accumulat(;d .water. 

The Pussewala Planters’ Association to collect 
statistics as to the existence, spread, and best means to 
combat pests and blights affecting tea in this District, 
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are, from quite another point of view, opposed to burying 
of primings, as they record: — 

“The conclusion this Committee has inevitably 
arrived at with regard to the shot-hole borer is, that it is 
the most serious pest that has yet been known to attack 
tea over any extended acreage. The affected area 
has, undoubtedly, largely and rapidly increased during the 
last few years, and drastic and systematic measures 
are absolutely necessary to keep it in any sort of check. 
Weighing ih(^ evidence afforded by responses to their 
circular this Committee considers that the present inroad 
of the borer necessitates the destruction of all pruriings 
over alfected areas, and would go so far as to recommend 
legislation to make this compulsory.'’ 

Mr. Green, the Government blntomologist, in the 
coarse of his address on the subject to the members of 
the Association, said : — 

I- 

“ h'rom what I have seen of shot-borer (I have 
known it for over Id or 14 years) it began in Nawala- 
pitiya district and was noted in one of my first reports. 
I have not heard of a very large dying out of tea due to 
it, and 1 have never got reliable reports of the death of 
a single tree which could really be put down to shot-borer 
itself. But at the same time I should like to point out 
that to keep it in check I consider the destruction of 
prunings is one of the important points — not the onl}^ 
important point, because I think there are several things 
which ought to be attended to.’’ 

A number of diseases are prevalent on tea planta- 
tions and in every case the advice is to cultivate well as 
a remedy against these diseases. 
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The appearance ot various enemies to plant-life as 
the tree begins to sicken are put down to causes when 
they are mere accompaniments, often the most telling 
signs that the estates want better culture 

Reporting on a tea Eelworm disease in Southern 
India, Mr. C. A. Barber, Government Botanist. Madras, 
after stating that it might spell disaster if tin' pest once 
got a fair hold of a perennial like tea, remarked that “it 
was fre(|uently the result of carelessness or insulTicient 
cultivation, especially on old garden lands which had 
been allowed to run to waste.” 

A well-manured, well-cultivated estati' can hold its 
own against all enemies and soon r(K;over if attaclnui. 
Mr. Green of Ceylon has impressed this upon planters 
in the following words: - 

“I think there is no doubt that it will neriessitate 
more liberal cultivation than has betm th(f custom in a 
good many ])laces it ^tear is going to h(‘ kept up to its 
present stainlard ot bearing. Ihit beyond tiiat T think 
if you keep tlu^ primings destroyed and prune at fairly 
frequent intervals and keep the tea in fairly good lieart 
it will be able to tight its own battles. I liavt^ rre(|U(nit- 
ly found, in vigorous tea, that tlui tendency of tlici plant 
is to deposit fresh wood over the huh; made by tlie borer 
and yon will often lind that tlie entrance bole or e.xit 
hole — it is all the same — has been blocked.” 

Tea estates are often kept scrupulously clear of 
weeds. VVhether this is wise witli fields which have no 
rotation crops it is not so easy to determine, though I am 
inclined to believe that weeds would be useful, not merely 
to prevent the washing away of the soil on the mountain 
32 



498 


slopes, but also to remove from the fields the efUuvia 
from the roots of the tea plant tliat would otherwise 
become over-concentrated in the soil. The same purpose 
is probably served by the grasses and bushes in forests. 

A coffee planter of the forties writing from Dublin 
on September ‘24th, 1899 (clde “ Tropical Agriculturist,’* 
November 1900) says : — I must bear record to the only 
practical planter I ever met in Ceylon (George Crosbie). 
After he had planted “ Bowhill ” near Nawalapittiya, he 
never allowed hoe or scraper to be used by any of the 
weeding gangs : instant dismissal was the punishment 
for any inf ringement. The consecjuence of this wise 
rule was a growth of moss all over the planted portion and, 
in seasons when short-handed, he had the berries picked 
from under the trees and cleaned at his store, such 
coffee realizing bs. per cwt. more than parchment at 
Colombo. After his death new-fangled ideas were 
introduced, hoe and scraper came into requisition and 
soon the soil which G. C.*' tried, to secure for the 
nourishment of the coffee tree was running off as peasoup 
to enrich low lying paddyfields ; the tree roots were ex- 
posed and gradual decay set in. For ten years the aver- 
age of Bowhill was 10 cwt. 1 qr. 15 lbs. per acre. After 
the new change it dropped off to 9 cwt. 7 qrs. and 5 lbs. 
and then 3 cwt. per acre, and eventually like all other 
estates similarly treated, became worthless. Poverty 
brought disease, which, like any other plague, extends 
and lays hold of good and bad. In this case, however, 
there was no remedy, for coffee is a surface feeder and 
the soil which should be strictly conserved was w^jjsted. 
The soil on Ceylon hills is light, and never can be 
replaced by artificial manure, and* to keep cattle is 



unproductive, as I know by experience. I never saw a 
cooly drop his manure beside a tree that had to be holed 
to receive it, })nt I .oaid —there goes If this l)e 

advisable with a surface feeder like coffee, it ought 
certainly to have force with reference to tea and one is 
not therefore surprised when a Java tea planter wonders 
v/hether the ultra-cleanliness from weeds that every 
Ceylon planter thinks a sine qua ncni of good tea 
cultivation has anything to do with the increase in l)oth 
the ({uality and cpiantity of disease whicli tea in Ceylon 
seems more subject to than in Java. iJe helieved tea 
to grow stronger among weeds if bad grasses were forked 
out and the fertilizing weeds not allowed to gi’ow too 
’luxuriantly and then dug in. lie stated that idie only 
estate in Java on which lie had seen grey blight belonged 
to a Ceylon man resident in Java on whose estate not a 
single weed could be seen. 

Owing to the heavy cost in nitrogenous manures 
Mr. Herbert Wright s;<ggested to the Ceylon planters 
the use of green manures, giving th(‘ most roseate hue as 
to the results expected. There are three points, 
however, which require careful consideration before 
green manuring is resorted to, in order to avoid a ])os- 
sible danger of extreme harm being done to the bush 

1. How long will it take for the nitrogen collected 
by the leguminosie to be at the disposal of the tea bushes 
after digging in, and to what extent will the bushes, in 
the meantime, suffer from a want of nitrogenous ferti- 
lization ? 

2. How much harm will be done to the tea bushes 
by the withdrawal from the soil of the available phos- 
phoric acid and potash necessary toenable the leguminosa^ 
to gather the nitrogen of the atmosphere ? 
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And, perhaps the most important question 
will the tea plant thrive in the neighbourhood of such 
green manures as the ground-nut ? 

Festina lente ouglit to be the planter’s motto. Let 
him first try his experiments whether with ground-nut, 
crotolaria or any other leguminosas on a small scale, for 
a number of years, before resorting to any wliolesale 
changes that may possibly bring u))on his field a devasta- 
tion as wholesale as that to which coffee was subjected. 

For tea-sick soils there is no doubt tlie growing of a 
slirub or grass, that would feed upon the excreta of the 
tea plant, would bo a remedy together with manuring, 
but inration and porha])s deodorising with charcoal will 
be found the only remedies, as rotation is iujpossible on 
tea estates. The experimcmt would not (uitail much 
expense aiid would probably repay th(^ cost and trouble 
many times over in tlu‘ first year. 

What manures are most suitabl^^ to tea is a ({uestion 
long discussed by a number of practical planters anxious 
to mak(' the most of their gardens — men, who move 
with the foremost agriculturists of the day. Tn all 
their discussions in India, howevei*, they seem to watch 
results obtained by single manures or chemical combi- 
nations that are not complete fertilizers, as they do 
not supply all the principal ingredients of pi ant -food. 
Another great difficulty with tea is the question of not 
merely large sup]dies in response to fertilizei’s, but the 
more important one of flavour which settles price. 
Experienced planters when speaking of different man- 
ures give almost diametrically opposite opinions as the 
results of their experience. If ever a chemically correct 
combination of manures can be spoiled by the absence 
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of one scarcely thought of little ittnu, it is to be found in 
the case of tea. As excellent food can be ruined for the 
want of a pinch of salt, so manures otherwise complete 
arc rendered far from perfect in their results by some 
apparently trifling omission. The analysis of the tea 
plant alone will not lielp us here, for tlie aroma cannot 
be easily analysc'd, tliough the latest resi'arelies regard- 
ing the tea enzyme put us on the road to discover the 
substance whose trifling omission in manures makes all 
the difference between good tea and rubbisli. According 
to Dr. Wolff’s tables, in 1,000 parts of the fresh air-dried 
substance, the tea leaf contains (medium (piantiby) — 


Water 

SO'O 

Is itrogen 


Ashes 

47'() 

Potash 

113 1 

Soda 

4*9 

Lime 

7i 

Mf^gnesia 

•d-4 

Phosphoric Acid 

7-2 

Sulphuric Acid 

:p4 

Silicic Acid 

2*4 

Chlorides 

0-9 


It is strange that ii’on figure's so little in tlu* leaf and 
so much in the soil of the plantations. Th»;oughout Ceylon 
there seems to bci almost a regular rise in the price of 
the tea according to the increase in tln^ amount of ir»m 
in the estate. Another peculiarity about tea is that lime 
and phosphoric acid wiiiidi seem required, to such an 
extent, by the plant, are seldom found naturally in any 
degree in the spots chosen for planting. There is a 
most interesting at tide by Dr. Jlafold II. Mann, D.Sc. 
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then Scientihc Ofticerof the India Tea Association, (now 
Principal of the Agricultural College, Poona) on “The 
ferment of the tea leaf and its relation to (juality in tea." 
An extract from this will shovv the value of phosphoric 
acid in flavouring the best leaves, a material little found 
in many of the soils where tea is grown and yet a manure 
that can easily be supplied by bonemeal or basic Blag. 

The 'rropicAil Agrlcnltui ist of March 1902 describes 
a plant enzyme as “ a substance existing in the sap, and 
which is capable of inducing chemical changes necessary 
to th(i life of the plant. As an instance we may quote 
the commonest of plant enzymes, known as diastase, 
which has the power to convert the reserve starch into a 
soluble sugar, which can be conveyed to the growing 
parts of the plant.” In the leaves of tea, up to the pre- 
sent, no starch has been found, so that the action of the 
tea enzyme in the leaf of a nature different from the 
above. iNevertheless, its function, that of rendering in- 
soluble bodies into a soluble form, i? probably similar to 
other enzymes. 

In one or two instances the action of an enzyme 
has been utilized commercially to induce chemical 
changes, which result in the production of a more or 
less distinctive flavour. As an instance wo may take 
yeast, a common plant, from which no less than live 
enzymes have been extracted. It has been found that 
different yeast cells impart to a fluid a different odour 
and flavour, and this has been used on the continent in 
the improvement of certain wines. It was shown that 
if different portions of the same grape juice were ferment- 
ed with different species of yeast, wines were obtained 
which differed muc*h in flavour, because each species of 
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yeast has the power of producing, during fermentation, 
certain characteristic flavouring bodies. As lias been 
previously pointed out, however, wo must remember that 
all such fermentations require a great deal of time for 
completion and they are therefore not strictly compar- 
able with the changes occurring with the manufacture 
of tea. Tt would be unwise to jump to th('. conclusion 
that the enzyme in tea is responsible tor what we at the 
present time know as flavour, although it is possible 
that under certain conditions the enzyme will be lound 
to materially affect tlie quality, and perliaps, to some 
extent, the flavour. 

bVom Dr. Mann’s valuable work mi tlui subj('ct tlie 
following i<= (extracted: — 

Distribution of ferment in the ftusliinfj shoot ,'' — If 
the various leaves on a flushing sht:)ot be taken, the 
amount of enzyme is by no nu'ans the same in every 
part. Ihie fresh leaf for instance contains about an equal 
amount in the unopened tip leaf and in the stalk, but 
below the tip the percentage decreasi's in every leaf, 
leaking the leaf as plucked for instance on a Cliiina hybrid 
bush in September, th ^ following table gives tln^ relatives 
amount present in each leaf separately, calculated both 
on the fresh leaf and on the dry matter in the leaves 
(taking that in the tip leaf as unity'.— 


Unopened tip leaf 
First open leaf 
Second open leaf 
Stalk 


A('tiv k 

On fresh leaf. 

1-00 

•1)4 

•4S 

ri8 


J^NZVMK 

» 

On dry leaf. 

TOO 

•(■5 

•48 

1-G4 
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These figures apparently seem to indicate that where 
the largest quantity of enzyme is present, the best tea is 
made, and yet not wholly so, because the stalk which is 
objectionable in the tea, contains as much as any part. 
The reason of this is seen, however, if the relative amount 
of acidity, of tannin, and of phosphoric acid in the 
same samples of these leaves are taken. 

These give the following figures : — 

Acidity Tannin Piios. Acid. 



Fresli 

Dry 

Fresh 

Dry 

Fresh. 

Dry. 

Unopened tip leaf 

1-00 

TOO 

1-00 

1-00 

100 

1-00 

First open leaf 

•94 

•94 

104 

l^OB 

•88 

•88 

Second open leaf 

•94 

•94 

•91 

•91 

•75 

•75 

Stalk 

•47 

•70 

•59 

•8() 

* 5 5 

•79 


It therefore appears that, where a large amount of 
enzyme is combined with the greatest acidity and with 
the greatest amount of tannin, tl^ere the tea produced 
is the best. Such is only a preliminary conclusion, and 
it must be considered strictly applicable to similar con- 
ditions. It is how’ever one to which the next set of ex- 
periments gives support. 

Helation of ferment to qualitjj . — Several gardens 
were taken in the Darjeeling districts. “ A ” produced 
average or rather bettei than average Darjeeling tea; 

B ” has for many years produced absolutely the best tea 
in Indja ; “C” is giving, during the present season, 
the highest priced product in the district. Conditions 
being therefore as near as possible equal, the quality, if 
the above condition be true, should vary according to the 
amount of enzyme present, provided the same amount of 
stalk or approximately so, be present in the samples. 
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Comparing first, garden B ” with garden S. ”, “ B ” 
No. 1 is from a young Assam or higli hybrid extension 
giving very fine tea. “ B” No. 2 is from a low Assam 
extension giving the worst tea on the garden, but yet an 
above-average (juality. ‘‘B” No. His I'rom China tt^a, 
giving an excellently fiavouivd prodiu^t. Determining 
the enzyme present in eacli of the samplcis in September 
1900, and comparing the amount with that in “ A ” 
(China hybrid plant) we have, taking “ A ” as unity : — 

Activk l^NZV^rH 


A ... 100 

B No. 1 ... i*SS 

BNo. ’2 ... 1-17 

B No. H ... l s-1 


In this case active enzymes seems tluu-elore to 
be a fair measure of the quality producing chai’acter of 
the leaf. The same result is shown on garden “ C ” as 

follows : — « 

• Active Enzvme 

A ... 1-00 

C No. 1 ... 

CNo. 2 ... i ll 

Here C No. 1 represents the very liighest (juality 
Assam bushes and C No. 2 similarly tlui best China 
plants in the garden. In C No. i, probably a little laig^ i 
stalk occurred, but A and C No. 2 are absolutely compara- 
ble and here it will again be seen tljat tiavour ni tlie 
tea follows the enzyme in the leaf. Hence one may, 1 
think, conclude that other things being equal, the.fiavoiir 
in the product is materially connected with the quantity 
of oxidase in the leaf from which it is made. I his c on- 
clusion as stated above, will have to be supported by 
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many more experiments before one can consider it satis- 
factorily established, but in the meantime there is strong 
and consistent evidence of its substantial accuracy. 

How then can the oxidase be increased in the leaf ? 
In a table on page 8 it was shown that, taking the various 
leaves on the same stalk, the amount of phosphoric acid 
varied very closely with the amount of oxidase. In 
addition to this I (Dr. Mann) have in a previous report 
(Tea soils of Assam and Tea manuring, November 1901) 
brought forward very strong evidence that the quality of 
tea is materially influenced, at any rate in Assam, by the 
amount of phosphoric acid, and especially of available 
phosphoric acid in the soil. Now not only is phosphoric 
acid present in greater quantity in the leaves on the same 
stalk which gives the same enzyme, and produces the best 
tea, but also tliere appears to be must of the constituent 
in the soil of those gardens giving leaf containing the 
most oxidase and making the best tea. The following 
figures for the soil of the garden’s A and C where the leaf 
mentioned above was obtained, show this very clearly. 

Percentage in the soil A. *0(31 ; C. *1*24. 

The conclusion drawn in my previous report above- 
mentioned that, in order to obtain high quality of tea, 
there must in any case be a large quantity of phosphoric 
acid present in the soil, is here confirmed, and this 
phosphoric acid becomes, in addition, apparently con- 
nected* with the quantity of enTiyme in the tea leaf.” 

From the analysis we see the need of potash, and 
from Dr. Mann’s learned and interesting paper, the 
value of phosphoric acid, and we should recommend 
these as additions to any other manures used. 
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Though it would be advisable to know something 
of the land to which a inannre sliould be applie^l a fairly 
good idea of the requirements of tea estates can he 
gathered from the interesting experiments and their 
results, shown in a paper of Mr. W. D. Bosanquet 
read by the Chairman, Dimbala Planters’ Association 
at a General Meeting. 

He had had jnany years of experience with coffee 
till green bug wiped that off the land, and since then 
made careful experiments of th(j effect of manure's on 
quantity and quality alike. He says: — “With the 
colfee it was comparativtdy a simple matter as the object 
was solely to find out how to produce the largest 
crop with the b^xst injury to the tree, whereas with 
tea it is at least as important to lind out liow far 
the quality is affected by the irianuro. On this latter 
point I have only been able to draw my conclusions 
from my general experience. Many seem to think that 
all manures should* be suppressed by legislation, as 
tending to over-production, whicli is not only impractic- 
able but shows how little the true principles of manuring 
have been grasped. I believe it is (piite possi))le to 
manure in sucli a wuiy as to keep the tea at a normal 
level of production combined with .i good quality and 
that it will pay better in tlie long run to work on this 
system. Such at any rate arc tlui conclnsions 1 have 
arrived at after ten years of experience of manuring tea 
and eight years of experiment. My lirst experimer.ts 
were conducted with the object of finding out the most 
important element required in a manure for tea and 
were so carried out as to compare the results of adjoining 
plots of one-sixth of an acre by leaving out one element 
in each plot on the plan of Mr. Villa. Ihe most 
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important elements removed by the tea crop are in 
1,000 lbs. of tea : — 

Nitrogen 45 lbs. 

Phosphoric Acid 8 „ 

Potash 22 ,, 

I was very soon convinced that the dominating ele- 
ment was nitrogen — that is to say: without nitrogen, 
phosphoiic acid and potash were almost inert. Tliat for 
the best effect, all three elements were required, and more 
especially potash. That additional nitrogen meant an 
increased yield but did not invariably pay, owing to the 
great cost of nitrogen. 

Tlie great cost involved has presented my experi- 
menting in the direction of finding out the effect of 
different manures on quality, and I have to fall back upon 
general conclusions from the observations on manuring 
on estates under my own direction and that of others. 

1 . 

Nitrogenous Manures . — As regards their effect on 
quality I give the preference to castor cake. Blood meal 
alone is too forcing and quickly used up. Sulphate of 
ammonia has invariably appeared to me to be accompa- 
nied by a loss of quality, whetlier used by itself or in 
combination, though it may be only a coincidence. 

Pish manure I have used only once, and T confess 1 
liave a dislike to it as being too stimulating in its effects, 
and itshise has seemed to me usually accompanied with 
a loss in quality. 

Nitrarte of Potash. --1 think useful as a source of 
nitrggen and potash — the nitrogen coming into action very 
qiilckly but being speedily washed out in wet weather. 
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Phosphoric Acid , — Basic Slag T look upon as a very 
valuable sou^’ce of phosphoric acid and I am inclined to 
endorse Messrs. Freiidenberg c't Co.’s stateimuit that it 
tends to maintain quality in tea owing to the two oxides 
of iron it contains. 

Bones . — Either steamed or ground should, I think, 
form part of every manure mixture, as tlm ])h()sphoric 
acid contained m them comes into action gradually and 
is not too speedily used up. 

Potash . — T give the preference to sulphate of potasli 
as the source of potash, as being retained in the soil hotter 
than the nitrate. Potash I consider is a most important 
constituent in a manure if (juality is to bo maintained. 
I'otash is known to have great elToct upon tln^ carbo- 
hydrates of plants, that is to say, upon theu r main stiuicture 
and ever since tl)e tiiiu'. I commenc(!d my cofha* (experi- 
ments 1 have noticed that potash improved tlu'. lusilth of 
the trees to which it was applied. 1 belitwo it is of great 
value in helping tlwuii, to resist diseases ol a fungoid 
nature. The manure most (commonly used l)y tliose not 
well up in manuring is castor e.ake and bones whieli is an 
incomplete manure as ecuitaining a m'gligiljhi (piantity 
of potash. A W(‘ll-balanced manure sue)) as your 
agricultural chemist supplies you will), lias its consti- 
tuents so arranged tluit (Uich elmnent comes in gradually 
and simultaneously, and tlie moia^ tliis point lias been 
considered the greater the value of the manure in tea 
cultivation. An ill-balanced manun'. will stimulate tlui 
bush at first and then leave it insiirticiently supplied with 
nourishment. The typical manure generally used is: — 
Castor Cake dOO lbs. 

Fish 400 „ 

Nitrate of Potasli , 100 ,, 

Sulphate of Ammonia 100 ,, per acre. 
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A manure low in nitrogen and rich in potash and 
phosphoric acid showed a distinct improvement in the 
crop. 

In my strong objection to forcing manures, I am 
at any rate in good company, for you have only to read 
Mr. Bambor’s report on tea soils to see that he condemns 
them. From what I hear I am inclined to think that 
our leading authority on manuring is of much the same 
opinion also ! ’ 

The correcting influence as far as aroma is concerned 
appears to arise from a sufliciency of phosphoric acid. 
I w^ould therefon' recommend a slow acting manure, 
which, while being cheap, would be effective in producing 
both quality and quantity and at the same time help to 
enrich the soil. The plant food given to the soil would 
be 81 lbs. nitrogen, H7 phosphoric acid, and CO potash. 

The following mixture has proved very successful 
in Travancore*; — * 

Groundnut or castor cake meal, per acre, 10 cwt. 

Basic Slag or bone meal ,, 1 „ 

Sulphate of Potash ,, 1 ,, 

I do not recommend the direct application of lime. 
There is a sufficient supply in bone and basic slag, and a 
judicious application of it to composts will satisfy the 
needs of the plant. 



COFFEE. 


POTASH AS A FPRTILIZKK. 

A report ol' the French Consul in Bra/il, on the state 
of trade in that country, contains the following figures 
of the world’s production of colleo in the year lUOO-PJOl. 
The total amounted to ir),4()0,00() ba^^^s ot lbs. each. 
Of this quantity 11,500,01)0 bags were grown in ^Brazil, 

1.150.000 in (TCiatainala, Costa Rica, Mexico, and Nicar- 
agua, 1,050,000 in Venezuela, Columbia, hjipiador 
and Peru, 480,000 in the Dutch Indies, 450,000 in Hayti, 

815.000 in British India and Ceylon, ‘200,000 in Puerto 
Kico and Jamaica, and 000,000 in L^adang. 

A native of Abyssinia, where it is called ‘ .Bonn,’ the 
plant was first cultivated there, and carried across to 
Arabia in course of time. The Dutch took beans to 
Batavia and succeede^d in growing excellent coffee, with 
the result that at the present day 480,000 bags are 
produced in that locality. The Dutch sent a plant to 
Amsterdam, which* was pre.<ented to Louis XIV., and 
from the berries of this the French Colonies wen; sup- 
plied. From Martinique plants were taken to Central 
and South America, and now Brazil supplies nearly 75 ’ . 
of the world’s coffee. 

The plant is grown between Llic tropics, l)ut, near 
the Equator, principally in mountainous regions. 

The virgin soil of the province of San Paulo lias 
such enormous crops that the price of the berry ir» infill- 
enced and almost regulated by its production. 

But even in this fruitful region the harvest will 
lessen rapidly unless the soil is enriched once more by 
fertilizing. 
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Hughes calculates that a crop of 7 cwt. per acre 
removes from the soil: — 

Kitrogen 20*9 lbs. Potash 28'3 lbs. 

Phos.Acii3 8 7 ,, Lime 7*2 „ 

Although this analysis points clearly to the predom- 
inance of potash in the berry, the extraordinary 
thing noticeable is that so little attention is paid to this 
by a body of men such as our cotfee planters, known to 
be intelligent, active, and industrious. 

They have followed one another for years in supply- 
ing bone and castor poon'ac to the soil, perroctly oblivious 
of Uie necessity of acomplete manure for the fields. Thi^t 
ruin has not come upon tliem is due to the fact that they 
get in the bargain what they never demanded, viz. a 
small percentage of potash with the nitrogen in tlic oil- 
cake. In South America, to which ivference is so 
frequently niad^i by planU'rs, maize was long grown 
merely to be burned dowm to supply potash to the coffee 
plantations. 

The variation in coffee (and to a certain extent 
its price) must he due to the C(unposition of the berry, 
and it is strange to find capable men of grit and liraiiis 
omitting a regular analysis of tlie coffee sent home. It 
\vould not be difficult, by a comparison of the annual 
analyses, to arrive at a correct conclusion as to what 
ingredients increase and what decrease the value of the 
produce on the market. 1 do not think T am far out 
when I say that the berry suffers from a want of potash, 
but more so from an accumulation of soda, on which the 
plant feeds in the absence of a sufficient supply of potash. 
At the same time, owing to the ill-balanced food placed 
at its disposal, an inability arises to assimilate a 
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sufficiency ot the nitrogen contained in the inanure, and 
the imassiim lated portion is merely a waste washed 
down in the drainage. There are easier ways of {.letting 
rid of money. 

In Otto’s Agrikulturchemie, pages and 227, 
treating of the laws that regulate the assimilation of food 
by plants, he says : Many plants have the power of 

assimilating, by degrees, certain ingredii^nts, even when 
these are present in small »}iiantities ; as, for instance, 
maritime plants collect the iodine contained so sparsely 
in the sea water, to sncli an extent, that it can be extract* 
ed from then; ashes. }^ut, following the law of Diosmosis 
and the consumption of substances in the plant, one 
can explain how the composition of the aslies of individual 
plant species can still change, to a certain extent, accord- 
ing to differences of soil and varieties of manuring. For 
example, one and the same plant will contain a dihVrence 
HI the proportion of its ash-constituents as it is grown 
on a soil rich in pota^b and poor in lime or on a soil 
fairly rich in lime. * 

Similarly, in artificial soil mixtures, certain plants, 
e.g, turnips, show the same differmices, if, in one instance 
the soil is manured with little potash and much soda, and, 
for the sake of comparison, another is treated wiDi much 
potash and little soda. The plants grown on the first 
field will contain more soda in their ashes, while the latter, 
on the other hand, will contain more potash. There i.s 
nothing remarkable in one inetal partially taking thej)lace 
of another in the ashes of plants. On the contrary, it 
must appear a matter of course, when one bears in. mind 
that the acids demanded by plants as important means of 
nourishment, such as phosphoric, nitric and sulphuric 
acids, that 6an be only taken up into tffe plant in the form 
33 
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of salts, are found in combination, at times with more 
lime, at times with more pjtash, or some other base. 
Should the plant in question require one or more of these 
acids in a specially great measure, it will make use of only 
one part of the quantity of salt-like compounds, the real 
acids which are worked into the sap by the cells and 
changed into other substances, while the basic p irts, taken 
up at the same time, accumulate somewhere in the plant 
without being used as such in the compound.” 

In the ‘ Annales de la Science Agronomique Fran- 
caise et Ktrangere, Neuvieme Annee, J892, Tome 2, 
Etude sur (juelques station agronomiciue Alleinandes,” 
pages 824 et seq., in the discussion of the fertilizing effects 
of nitrate of soda as compared with sulphate of ammonia, 
when treating of Professor Wagner's experiments with 
these, we find : — “ Tt has often been advanced that 
manures containing salts of soda render the phosphoric 
acid and potash of the soil more capable of being assimi- 
lated and also tend to render the* growth of vegetation 
more active and to increase the returns of the harvests. 
Professor Wagner does not deny this dissolving power of 
soda but does not believe it has the influence so often 
attributed to it, nor does he allow that the good effects 
obtained are due to the use of salts of soda as a manure. 

The experiments of growths in sand and water 
prove that plants have no need of soda for their normal 
development. He was able nevertheless to show that 
soda ^favoured certain phenomena in the nutrition of 
plant-life ; for it may be in a condition to take part in 
certain functions, which, in its absence, are carried on 
by potash alone. This reciprocal replacement of 
the chief minerals is not a mere| hypothesis purely 
gratuitous. 
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Emile Woltf has proved that Silicic acid, for 
example, is able in certain cases and to a certain extent, 
to be a substitute for phosphoric acid. There is conse- 
quently nothing astonishing in the fact that soda behaves 
in a similar manner with reference to potasli ; but it 
is permissible to judge, a priori, tl\ai if any such sub- 
stitution is possible, it is onl}’^ partial, because plants 
absolutely require potash to enable them to live. It 
was to verify these hypotheses tint Professor Wagner 
undertook these experiments. From a study ot them 
we come to the conclusion that, in soils relatively pooi- 
in potash but containing all the other constituents of 
plant-food, in sullicient quantity, the caus(^ of the 
superiority of the Nitrate of Soda ov(u* Sulphate of 
Ammonia is due to the sola carried into tin; plant at 
the same time as the nitric acid l)v the nitrates. In 
soils sufiiciently rich in potash the two salts produce 
elfeots which are equal. The action of tlu^ soda is 
illustrated by the con^^'nis of potash and soda in three 
harvests. 

1. If sulphate of ammonia produces an increase of 
return equal to 100, it takes from the soil 5 grs. of K. 0. 

2. It sulphate of ammonia plus muriate of potasli 
produces an increase equal to 102, it takes 5 grs. of K.O. 
from the soil and 6*0 grs. of K. O, from the manure. 

8. If sulphate of ammonia plus common salt 
produces an increase equal to 147, it takes from the soil 
0-6 K.O. and 12*4 of Na. 0. from the manure. 

*4, If nitrate of soda produces an increase of 107, 
it takes 4‘7 of K. 0. from the soil, and 12*7 of Na. 0. 
from the manure. 
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5. If nitrate of soda plus muriate of potash 
produces an increase of 160, it takes 4 7 K. 0. from the 
soil and ()*1 K. 0. and 11*4 of soda from the manure. 

Tn other words : 

1. In soils not relatively rich in potash, soda 
exercises a favourable influence decidedly marked in the 
development of plant-life. Such soils are in fact able, 
whilst utilising the same quantity of potash, to produce 
harvests half again as great when treated with common 
salt. 


2 . Witliout being able to completely supply the 
place uf potash, soda is still able to replace it to a certain 
extent. The experiments show two increases in harvests, 
almost ('qual il;32-lH7), which contain vastly different 
quantities of potash and soda. 

:I. Soda determines a bettor aitilization of the 
potash of the soil which is at the disposition of the 
plants. Messrs. Champion and Pillot, in their many 
analyses of vegetable ashes placed before the Academy 
of Science, have sliown that the mineral bases can, to a 
certain limit, reciiDrocally replace each other in the 
accomplishment of the vital functions of plants, but 
they have not deduced from their observations any prac- 
tical rule concerning the employment of the manures. 

From what we have seen it follows that two unequal 
quantities of nitric acid helped by equal quantities of 
soda produce the same effects. To find an explanation 
of this seemingly paradoxical fact we must consider the 
co-efficients of utilization. 



An examination of the results of the experiments 
alluded to above also proves : 

1. That potash and soda, whilst favouring tlie 
growth of plants, help to a bettei utilization of nitrogen- 
ous manures. 

That, under the influenee of soda, tlie, eo-efiic^ient of 
utilization of tlie nitrogen of sulpliate of auinionia can 
equal that ot nitrate of soda, though, as a rule, it proves 
inferior by 10 or 15% — in other words, tlie ])lants wliich 
have received nitrate of soda and those wliich have 
received sulphate of ammonia plus soda absorbed almost 
the same quantities of nitric acid, though different 
quantities were placed at their disposal. 

Mr. Warrington made two series of experiments, in 
the one of which half the plots were fertilized with 
nitrate of soda and the other half with the same quanti- 
ties of nitrogen in tlie form of sulphate of ammonia. In 
the other series the plots*were similarly treated but they 
received, in addition, phosphates and salts of potash. 
The result proved that the application of potash increased 
the effects of sulphate of ammonia just as an addition 
of soda would have done. Warrington explains the 
superiority of nitrate of soda by saying that it exercises 
a dissolving action on the principal plant-foods of the 
soil, and renders them more easily assimilalile. Wliat 
we have said of the role of soda shows that; tliis expla- 
nation is not correct. 

Nitrate of soda is superior to sulphate of ammonia 
not because it renders the potash of the soil more assimi- 
lable but because the soda is absorbed by plants and is 
able to carry out such vital functions as those tor which 
potash is not indispensable/' 



518 


I have laboared this point because 

1. Every planter ought to know the necessity of 
potash for all plant-life. 

2. The very analysis of the berry shows the needs 
of the coffee bush. 

The use of potash helps to a better utilization of 
nitrogenous manures. 

4. Practically no potash, save the small amount 
found in castor cake, has been used as a manure on coffee 
fields in India. 

5. The plant should be prevented from taking up 
too much soda, which will occur in the absence of a 
sufficiency of potash. 

(3. TJie soda contents very probably lower tlie taste 
and the price of the berry, and it is time that a thorough 
enquiry be made into this question. 

f 

A planter in the Shevaroy’ Hilla» sent a question to 
the Presidency Manure Works, Madras, which at first 
appeared a decided puzzle. He was a careful man, who 
knew his work and found his coffee plantation in 
apparently the best order, the bushes in prime condition 
and bearing heavily. Yet the price the berry fetched was 
remarkably low^er than formerly. Other planters may 
object that the question was simple and explain it by the 
produce of Brazil, etc. These were evidently points 
known to and not forgotten by the Shevaroy planter. 
It so happened that he had kept various analyses of his 
producre with the prices fetched, and a study of thesecould 
lead to no other conclusion than that variations in price 
accorded with the variations of potash and soda contents, 
falling with the fall in potash and rise in soda, and 
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rising with the increase in potash and the fall of soda. 
There are no doubt many estates carefully manured with 
bone and castor cake and, perhaps occasionally, with 
nitrate of soda. These will probably show well-preserved 
bushes bearing fairly well. Is the price the same 
Is the falling price entirely due to over-production in 
Brazil? Or has East India coffee lost its forimn pre- 
eminence on the home markets? Another question on 
manuring, that ought to exercise the minds of owners and 
managers of coffee estates is the introduction of supei'- 
phosphatc to^take the place of bonemeal as a manure. 
There is not an over-abundance of lime in coffee soils, 
and it does not appear wise to introduce sulj)hurjc acid, 
which, uniting with tlie available lime, changes it into 
gypsum. Dr. Aitkin knew the full meaning of what he 
said, when, in addressing the Fife Farmers Club, he 
warned them against sulphuric acid, assuring them the less 
they used of it the better it would he for them at any rate. 

FiXperiments parried out under the most varying 
circumstances in countries wide apart, alike at experi- 
mental stations and on immense estates, all prove the 
utility of b inemeal and potash as a go >d lertili/ei loi 

coffee. 

Whether tried at the'HorfcicultuLMl Suciety’sdardens 
at Calcutta or on the vast plantations of Brazil, phosphoric 
acid, in a form not too soluble, in otlier words, bonemeal, 
proves an excellent manure, especially if aided by potash. 
The latter, besides acting as a fertilizer itself, liasbms 
nitrification, and thus the plant is provided with its chief 
food constituents, nitrogen and phosphoric acid from the 
bone, and potash from either kainit, muriate or sulphate 
of potash, and all these foods are suptilied at one and the 
same time. 
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There is scarcely a European planter in the country, 
but has his own theory about manures; but in all the 
correspondence to be found in the planters’ newspapers* 
the war seems to wage invariably on the excellence in 
utility or the harmfulness of a fertilizer containing one or 
at most two of the chief constituents of plant-food. It 
is seldom we hear of the use of a complete fertilizer. 
From Guatemala we have the records of experiinents 
carried out on the estate of an experienced German 
planter, and his words might carry some, weight in India. 
He .says : ‘‘ Phosphoric acid increases the bearing but, if 
applied in large (iiiantities in an easily soluble form (such 
as superphosphates), it gives an excellent return for one 
or two harvests and kills the plant.” Potash shows its 
effects on wood and leaves. In the Fincas the adjoining 
fields are burnt, and supply the requisite manure. But 
if this be not done, the want is quickly noticed. Nitrogen 
produces strong, fleshy branches, wood and dark leaves, 
but causes the fruit to be long in oipening. 

Lime unites for a time the properties of potash and 
phosphoric acid. Like potash it produces long woody 
branches, and like phosphoric acid it causes an early 
ripening of the fruit, and decomp oses the soil. 

The success of bonemeal with coffee is endorsed by 
a’ most evrry planter. The Secretary of the Horticultural 
Society of Calcutta shows results far. better innn looiie- 
meal than guano could show. 

Unfortunately coffee is not very widely grown in 
India and planters have been so badly hit by the fall in 
prices that they fear to add anything to their expenditure, 
forgetful that the acjdition brings with it a compensation 
in increased returns and an improved soil. 
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When prices have fallen in the decade 1897 to 1907 
by nearly 40 per cent, it seems a cruel cynicism to sug- 
gest further expenditure. But there need bo none if the 
manures are only properly balanced and the experimencs 
carried out on a small scale at first. Tlui amount of 
phosphoric acid, after years of manuring with bone, must 
be fairly large in the soil and no harm would I’j'sult by a 
diminution of this plant-food in the manure and an ad- 
dition of potash of an equivalent price. After results 
froi]i these special plots have been tested and proved 
satisfactory, it may be found useful to spend slightly 
larger sums on the very necessary potnssic ingredient 
that helps to form a complet(^ fertilizer. 

Comparing Bell’s analysis of Mocha and East Indian 
Coffee, raw and roasted, there are two points that 
especially attract our attention, viz., the greater 
amount of nitrogenous or colouring matter in the alcohol 
extract found in Mocha ’(amounting to 2*59 per cent, in 
the raw and 1*47 in the roasted), and the .smaller amount 
of albumen which is 1*36 in the raw and 1*90 per cent, in 
the roasted coffees. 

The caffeine and caffeic acids are practically the 
same in both coffees roasted, there is little differences 
in the saccharine matter when roasted, the dextrine 
scarcely varies, and the dilference in the ash, as also in 
the moisture is slight. 

Experiments tending to increase the alcohol and 
lower the legumin falbuinen), may bring about analyses 
wdiich practically agree, and it is possible thus to raise 
the value of East Indian coffee to the level of Mocha. 



Bell’s analysis : — 

Mocha. East Indian. 


Constituents. 

Raw. 

Roasted. 

Raw. 

Roasted 

Caffeine 

108 

0-82 

Ill 

1-05 

Saccharine Matter ... 

9 ‘.5 5 

0-48 

8-95 

0-41 

Caffeic Acids 

8-40 

4-74 

7 -.58 

4-52 

Alcohol Extract con-. 





taining NitrogenoKs| 
and colouring mat- 

, 6-90 

14-14 

4-81 

12-67 

ter 





Legumin or Albumen. 

9'K7 

11-28 

11-28 

18-18 

Fat and oil 

12-60 

18-59 

11-81 

18-41 

Dextrin 

0-87 

1-24 

0-84 

1-88 

Cellulose and Insol u- 

% 




bl(i colouring 

87-9.7 

481)2 

38-60 

47-42 

Ash 

.8-74 

, 4'.56 

8-98 

4-88 

Moisture 

8-98 

0-63 

9-64 

i-00 


To the plantei* on the west coa«t who dreads the 
few days between flowering and fruiting when rain is 
badly needed, I cannot too strongly recommend a com- 
bination of castor cake and of bone and potash salts, as 
the last will absorb any moisture in the air, and draw up 
the moisture from the soil below and bone retains the 
Jiioisture longest of all mineral matters in the soil. It 
should not want much to convince the planter of the 
utility of muriate in this nspect as it contains 7 to 
‘20% of ‘Chloride of sodium or common salt and 5‘2 to 56% 
of potash. The potash has been proved to ac jelerate the 
decomposition of bone, and both combined have an ad- 
vantage such as few manures can show, viz. they present 
to the plant all the^threc necessary food ingredients at 
the same time and in a very well-balanced proportion. 
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In treating of coffee T have not dealt with the onl- 
tivation, for experienced farmers cannot be taught tlieir 
own business ; nor have I entered on the vexed question 
started round the Leeming system, the weeding of 
gardens, etc. 

At the same time I should like to draw attention to 
an extract from a lettor from (1. h\ Halliley, that appear- 
ed in the January issue of the Tropical Agi’iculturist of 
the year 1^)05. 

In it he says; — “Early in tne ‘seventies’ Mr. 
Crewel I sent some ashes of the white weed to Baron 
Lielhg for analysis, and Baron Liebig pronounced them 
to be the essential food of the coffee tree. Later, when 
the coffee-planters wrote to him for a cure for leaf disease, 
he advised tliem to grow an intermediate crop, and I 
advocated that that crop should be the essential food of 
the coffee tree the white weed.” 

It would be inUresting to learn nior(' about this 
weed, and how far*it serves in place of a rotation on the 
land, whether both the weed and tin; coffees improve 
when grown together, and if the presence of the weed 
is a preventive against leaf disease. It is a pity that 
nothing further has been done so far to elucidate so 
important a question. 

My object has been, as in all the chapters dealing 
with Manurial Problems in India, to restrict myself to 
the question of manures, and, in treating of feijbilizers 
for coffee, I very naturally drew attention to the neces- 
sity of potash in a complete manure, its utility in 
helping plants to assimilate nitrogen and the important 
question of the amount of soda taken up by the berry 
in the absence of a sufficiency of potash and the still 
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more important point as to the variation in the taste 
and price that may be due to an increase in the soda 
contents and a diminution of the potash. 

It is to be hoped that planters will seriously consider 
this last point and insist on analyses that may cause its 
elucidation. 



THE COCONUT. 


MANUKK AND TILLAGE. 

There is scarcely a tree so common along tlio shores 
of India, whose very position almost cries out to the 
peasant the quality of food it re(iuires, and yet, the 
moment we leave the strand and find ourselves some 
distance from the sea, though the palm is still grown and 
a plantation looked upon as a family insurance, so little 
is done to obtain from it anything like, the best return. 
It has been said that the banana is a curse, for its plenty 
generates idleness. The ability of the coconut to tlirive 
with so little atttiiition may similarly be h(dd answ(U’able 
for much of the poverty we s(ie around us. bhiough 
comes in without bother, why should tlie pliilosopliic 
j^]astern worry about making more. And yet there is 
not a coconut [lalin plantation in India tliat yields what 
it could be made Ho yield. The fact that the palm 
grows often wliere its roots are washed by the. sea 
water, and tliat near the seashore it grows best, should 
point to its greediness for common salt. Tliis is 
corroborated by the analysis of the coconut made by 
Dr. Bachofen, the chemist in charge of Mr. A. Baur’s 
Laboratory in Colombo. In the supplement to the 
Tropical Agricuitiirist, February 1st, 11)01, we find the 
following : — “ On reading through the figurcjs of Dr. 
Bachofen’s analysis, the most remarkable facts ait; the 
lai*ge percentage (1) of potash idO'T per cent.) and 
common salt (45’05 per cent.) in the ash of the husk ; 
1*2) of potash (54 per cent.) in the ash of the shell ; (8) of 
potash (45*8 per cent.) in the ash of the kernel ; and (4) 
of potassium chloride (41 per cent.) and common salt 
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(20*8 per cent.) in the ash of the milk. Calculating the 
quantity in pounds removed by a thousand nuts (assum- 
ing that the entire produce of nuts is removed off the 
land) we find that the following are the figures for the 
chief ingredients of plant-food : — 


Nitrogen 

8'(j ibs. 

Phosplioric acid 

■2’4 ,, 

Potash 

18-7 „ 

Lime 

2-8 

Common salt 

.. 21-4 „ 


It is perfectly plain that common salt and potash 
are badly I'.ecded by the coconut. Now kainit contains 
12 per cent, pure potash and about 8G per cent, chloride 
of sodium or common salt ; so it is clear that there is not 
a better manure for coconuts than this combination of 
common salt and potash in kainit. The analysis alst) 
shows the necessity for a certain amount of lime, phospho- 
ric acid, and nitrogen, plant-foods that are all contained 
in bone. It so liappens that potalsh has been found by 
practical experience to help considerably in the decom- 
position or nitrification of bone, and consequently I 
consider the mixture of honemeal and kainit the best 
manure for the coconut, as it will supply at the same 
time and in the same place nitrogen, phosphoric acid, 
lime, potash and common salt to the roots of the palm, 
;^,iving it, in other words, all the phint-food it requires in 
the best balanced proportions. 

Wherever the Indian peasant can be shown that 
there is money in manuring he manures to the extent 
of his means and proves himself as up-to-date a farmer 
as any in Europe. He does not know chemistry and he 
does not want to know it. Pot experiments he does not 
believe in, nor has he the money to undertake them. 
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But practical results appeal to him. He does not mind 
laying out 4 to get 8 annus. 

The Tropical Agriculturist, dated 1st March. 1U02, 
has the following letters which show that the deductions 
from the analysis are proved perfectly correct in actual 
farming : — 

ThK CuLTIVATIOxN and IMaNKRINC} of CtK'ONUTS, 

Fehruarij 11th. 

Dkau Sir, — In your issue of the 7tli instant your 
Veyangoda correspondent gives the price of coconuts 
realized at Yhikkala Kstate, Henaratgoda, the property of 
Dr, Dias, the retired Colonial Surgeon. Further in- 
lonnatiori regarding this estate will, T think, surprise all 
interested in coconuts and show to what extent the 
intelligent cultivation of this palm can increase its yield. 
The situation of Yakkala Estate, I need not say, is by no 
means tlie best district for coconuts, and yet its present 
yield compares most favourably with the l)est in the land. 
In 189(3, the Doctor took up liis residence on the estate, 
and for the first twelve months picked less than 70,000 
nuts (previous to this the property was on lease to 
natives) and within five years he lias increased the yield 
to nigh 800,000 nuts, picked from it in 1901, and this 
from only four to five thousand trees in bearing, or over 
60 to 70 nuts per tree. Mr. W. B. Lamont, who is, 
I am glad to think, still among us, will, no dou})t, be 
pleased to hear that his words uttered over 80 ye^ars ago 
have been proved, that ‘‘ no product in Ceylon responds 
to, or repays so well for manuring, as the coconut palm.” 
With this I Send you a stalk I took off a coconut tree 
from this estate, of which the spathe had opened SjUd 
flowers in the stalk set. You will note the thickness of 
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this stalk and the 11 young nuts on it. This bunch had 
M) stalks with 2 to 11 nuts on each, and there are several 
such on the tree with nuts similar to this, and I was 
informed that over 50 trees on the estate are for the 
first time showing bunches like this, thus promising 
enormous increase of yield to be gathered during the 
current year, which the proprietor estimates from four 
to five hundred thousand. Here then is a nice little 
sum to work out. What will 100 aert^s of coconuts, say 
with 70 trees to the acre and only 12 spathes per tree per 
annum (some give sixteen) opening out with dO stalks 
and 2 to 11 nuts on each stalk, of which say only four 
nuts arrive at maturity, (and there are already trees 
witli that number of matured nuts) give per acre? 
I don't vvisli to put the answer on jiaper for fear the 
result of its publication may start sonn* blight on the 
coconut palm. 1 send you for the purpose of being 
better able to follow what i have said, a liunch taken 
from a native garden on wliich you will see there are 
41 stalks, and only 18 of these with one nut on each as 
you find on ordinary trees. Compare the size of the 
stalks on this with that on which there arc 11 nuts. 
The proprietor is of, opinion that salt, especially mixed 
with other fertilizers, is the great desideratum, and he 
uses the ordinary culinary salt to the extent of 2 ibs. to 
each tree in spite of its cost, and he is very wroth with 
tne Government for not making it more readily avail- 
able for purposes of agriculture and the cultivation of 
coconuts in particular. The proprietor says, he is not 
yet in a position to speak with certainty as to what is 
the best fertilizing mixture for coconuts, but hopes to 
be able to do so two years hence. 

Yours faithfully, 

(Sd.) Coconut Planter. 



529 


No. II. 

Fehriinnj Sth, 

SiK, — “ In the history oi* the coconut industry, have 
the prices ever reached those ruling at the present 
time? What is the reason for tlie present prices? 
Is it that the demand, by leaps and bounds, outstripped 
the supply, in spite of the large areas annually coming 
into bearing in Ceylon and in the Straits, and 1 suppose 
in other cocoriut-producing countries as well? These 
are a few (jnestions that arise in the minds of coconut 
planters, and I suppose in the minds of others as well. 
I have heard it suggested that the war in tlie Philippines 
is the chief cause of the rise in the coconut market. I 
shall feel obliged by your publishing a table showing 
the areas under coconut cultivation in dilferent parts of 
the world, with the produce of the trees and tlui value 
of the exports. Tliis seems to be a tall order, but tor 
one with an encyclopaedic knowledge such as you 
possess, it will not be so. 

Whatever the c;iuse, the fact remains that prices 
are in the ascendant, much to the benelit of those 
interested in coconut cultivation. The ruling price of 
copra at this time last year was Rs. 17. I see it 
announced in the papers that a ])arcel of copra fetched 
Rs. bO. That means Rs. 19 above the marked price at 
this time last year. Of course there is a corresponding 
rise in the price of nuts. 

With the pri(;e now ruling lor coconuts the (^states 
market ought to command encouraging prices. I see a 
little correspondence in tlu^ papers about the pru;e the 
well-known Kirimitiana hastate ought to fetch. As a 
rule, those wishing to buy a property at an auction sale 
do not publish to the world the price they are prepared 
to pay for it.” 


34 


(*Sd.) Maijawjla. 
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Nothing more need to be said about the value ot 
coconuts and coconut growing after what we find 
written by old planters in Ceylon. As to the manuring 
part of it, if common salt can give such returns as are 
detailed in the first letter, one feels backward to calculate 
what would result from a more complete and well- 
balanced manure. As with the cotton of the United 
States and the sugar from Java, it will be hard to obtain 
credit with the natives of India, till the experiments are 
tried before their eyes. There are numbers of wealthy 
Indians v.'ho invest in farms in the country while pur- 
suing their ordinary business in towns. It these hard- 
headed capitalists would only open their eyes to the 
advantages obtainabl(‘ from land that scarcely pays them 
now, and begin with experiments on a limited scale, the 
whole country would soon be following in their wake, 
and they would deserve well of the Government for 
benefiting others immensely whilst adding to their own 
incomes. 

MANUKE YOUR COCONUT PALM. 

Under tliis heading, an esteemed correspondent 
sends us the following valuable particulars, says the 
Ceylon Catholic Messenger of October 14th, 1902. 

“ There is a coconut estate in Heneratgodde which 
’.t is worth while to look at for those who are engaged 
in that occupation. The soil is generally hard and 
composed of hard gravel except as usual in the Agras. 
The trees stand some eighteen feet apart, some twenty, 
and some twenty-four. Almost every tree bears its 
indelible marks of early neglect. When the present 
proprietor took the estate in hand, some six or seven 
years ago, the average yield per tree was ten nuts 
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ia the ye^d*. This can be readily believed when you 
look at the trees on the surrounding estates. For, 
they are certainly capable ot yielding more than ten 
nuts. By persistent manuring the present proprietor 
ot‘ the estate of which I speak has raised the average, 
step by step, to something over fifty nuts already. He 
is not likely to stop until he reaches the round hundred. 
I have obtained an average of 185 on an average 
experimental block of two and a half acres, where the 
situation, soil, age and distance between trees aiv 
all more favourable. Some of those trees have given 
me more than 200. An average of 100 is therefore no 
impossible result for a proprietor who manures. 

According to general tixperience a weak tree stand- 
ing in the midst of strong healthy ones never regains its 
strength so as to bear as well as its neighbours. What 
I saw on the Heneratgodde Estate seems to be excep- 
tional. A weak tree, standing among and having a 
trunk the circumference pf which is scarcely one-third 
of that of its neighbours, bears here as well as they. 

The cost of the manure used and its application 
cannot be computed at less than one rupee per tree, 
which represents the value of 25 nuts. Anything there- 
fore that a tree yields over 85 nuts must be put down as 
clear gain. Add to it the gain from the breeding of 
cattle, deer, sheep, peafowl and bees which takes place 
on the estate, and no proprietor has cause to grumble 
over the smallness of the return from the coconut as 
compared with other industries. The worst that can 
be said against the coconut is that it takes some 25 to 
80 years to bear on hilly ground, though it flowers in 
the fifth year and brings a good income about the tenth 
year in lowlands composed of alluvium. 



In Jaffna and Batticaloa it is usual for the natives 
to manure and plough their coconut estates. In the 
Colombo district only a very liinite.l few do it. It is a 
means of quadrupling the income of one’s estate. But 
here one prefers to extend one’s acres instead of increas- 
ing the yield by manuring and ploughing a limited area. 
There seems to b(! no remedy for prejudice.” 

“B” writing in the Tropical Agriculturist of 
Colombo, January ist, IJ08, says : — It is an axiom 
in agriculture to conform as nearly as possible with the 
natural conditions under which a product grows, wJien 
its cultivation is engaged in. 

Now what arc the natural conditions under wJiicli 
th(' coconut palm grows? Its original habitat was the 
seashore on which, the nuts were thrown by the action 
of currents and waves. 

The conditions under which the tree gr(jw and 
flourished were on a free, .sandy highly impregnated 
with salt and in an atmosphere that was salt -laden. 

The extent of land that answers these conditions is 
limited, and as the coconut industry is a sure and certain 
one, and does not partake of the nature of gambling as 
some other industries do, the cultivation of the palm is 
carried further and further away inland, and it is 
removed further and further away from natural condi- 
tions under which it grew. 

According to my thinking, the first and foremost 
aim of the coconut planter should be, under these altered 
conditions, to conform as nearly as possible with the 
natural conditions under which the palm grows. Here 
he will find scope for the exercise , of intelligence and 
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ingenaity. If he has a stiff, clayey or gravelly soil to 
deal with, he cannot make it sandy ; but it is possible 
for him to make the soil sufficiently free to allow of the 
free passage of roots through it. The first optu'ation 
should be deep draining. The free passage of water and 
air througb a stiff soil will help to gradually alter its 
texture. The drains should gradually be filled uj) with 
coconut branches and bushes, first, along the line of a 
L'oad. The drainage of the soil will not be interfered 
with by packing it with branches till such time as the 
buslies are thoroughly decayed and form a compact 
mass. This wdll take many years, by which time, the 
roots of the palm work their way through the soil to 
water saturated with decaying bushes, which cannot but 
xdd to its fertility. 

Another operation far more necessary than draining 
is to keep the soil round the trees in a thorough state of 
cultivation. If this can be undertaken when the plants 
are young, the benefit to the resulting trees will be very 
great. The large foraging roots will be helped to leave 
the surface of the ground and to obtain water for the 
use of the tree from the soil where it is permanently 
damp, llain water will percolate through the soil, and 
there will always be moisture for the roots to draw upon 
in a season of drought. The fe(?ding rootlets will have 
unrestricted liberty, and manuring operations in later 
years will not be costly. If the tilling of the soil should 
take place wJien an estate is young, the circle filled 
should be enlarged annually till 8 or 10 feet radius be 
reached. I am inclined to the opinion that with the 
surface round a tree kept in thorough cultivation by 
tilling and manuring, ploughing wiM not become a 
necessity. 
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Whei*e tilling of the ground round trees is under- 
taken in later years, I would suggest a complete turning 
over of the soil, so that the rank growth of grass, always, 
,lo be found on a heavy soil, be turned into the soil. The 
benefits of green manuring will be attained by this. 
This will of necessity result in the cutting of the roots 
of the tree. Some people object to this, and think it 
will be harmful to the tree and injure the roots. The 
harm will be temporary, the gain from the operation of 
tilling will be enduring. I do not feel any squeamish- 
ness in injuring the roots of the coconut palm. Obser- 
vation will sliow that the bole of the tree is constantly 
putting out new roots to replace those that are injured, 
which generally die. 

I am of opinion that the roots of the coco palm 
have no functions to perform on the surface of the soil, 
and that they are there by reason of the mechanical 
condition of the soil not permitting them to be where 
they should be, deep down bolow* the surface of the 
ground performing the functions of pumps. A coco 
palm has no tap-root, and the main roots, I am inclined 
to think, perform all the functions of the tap-root. 
Observation induced this belief in me. The lateral or 
main roots of trees, generally spread out parallel with 
the surface of the soil and horizontally. The main roots 
of the coconut tree have a downward direction, and in a 
sandy soil, as in its natural habitat, they generally g(' 
deep’down in. the soil. They are found on the surface, 
only when the condition of the soil does not permii 
them to go where nature intended they should be. 1 
think it is for this reason, want of sufficient moisture, 
that the branches tand fronds of young trees growing oi- 
a stiff soil, hang dowm as a rule, while the exception i- 



to find it in a sandy soil, where when it does occur, it is 
in a different degree. When roots are to be found on 
the surface of the soil, I think it is evidence that that 
soil has not been regularly cultivated and is crying 
out to be. 

Observation shows us that the butt-end of the mid- 
ribs of the fronds of the coco palm is shaped like a 
spout. During a shower of rain, these catch the rain 
water, and a stream runs down the stem or near it. 1 
look upon this as a provision of nature to supply the 
tree with the large quantity of water it recpiires. The 
aim of the intelligent cultivator is to store up what 
nature provides. 4^his is done by thoroughly tilling the 
ground round the coconut tree, and where the ground 
slopes, levelling the surface, 'rhe necessity for thus 
conserving the water nature provides will be realized 
during a period of scanty rainfall. The fronds of a coco 
palm are so arranged as to thoroughly protect the sur- 
face of the ground .round the tree, where the rootlets 
abound, from the direct rays of the midday sun. The 
arrangement of the fronds also prevents rainwater 
reaching the shaded portion of the ground, lle.ncc^ the 
wise provision of nature to counter-act this by the spout- 
like shape of the butt-ends of the fronds. As I said 
before, the aim of the planter should be to prevent the 
water provided by nature going to waste, by tilling the 
surface of the soil round the trees." 

As the correspondence on this subject is frequent 
and long-continued, I have no hesitation in extracting 
letters from the paper as they are written by pmctical 
planters, of long experience. 

Dear Sir, — In my last commi>nication (in which, 
by the way, husks ” was made to read “ bushes,’*) I 
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pointed out how one of the natural conditions under 
which the coco palm grew — a free soil — could be imi- 
tated by draining and tilling. In this communication I 
intend to dwell on the necessity of salt for coconut 
cultivation. 

As I am very strongly of opinion that salt is an 
absolute necessity in coconut cultivation, especially in 
inland districts having a heavy soil, T started an agita- 
tion for its issue at special rates, about fifteen years ago. 
It was met liy the stereotyped reply. On the benefits 
of its use in coconut cultivation, one reads occasionally 
in the papers of the experiments being carried out by 
Dr. Dias at Henaratgoda. 

It was argued by Dr. Trimen at the time of my 
agitation, that as analyses showed that the coco palm 
yielded but a small quantity of salt, and as this small 
quantity was very likely deposited during the monsoons, 
salt was not so great a necessity for coconut cultivation 
as I wanted to make out. I think his reasoning was 
fallacious. The quantity of any inorganic matter in any 
product should not determine its necessity or otherwise. 
Besides, salt has other properties than manurial. It 
acts chemically and mechanically on a soil. It keeps 
the soil moist by absorbing tlie moisture of the atmos- 
phere. It acts as a solvent and renders available the 
insoluble plant-food in a soil. Lime does not occur 
largely* in vegetation, yet soils are limed to improve 
their chemical and mechanical condition. Dr. Trimen 
was eiyidently misled by Lepine s analytical tables- 
Cochran, a few years ago, showed that they were wrong 
as regards the quantity of salt in the husks of the coconut. 
He was also surprised to find that the husks of a 
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coconut grown on an estate at Knriingala yield more 
salt than one grown on the seashore at Kolliiptiza, 

Of all coconut planters, the late Mr. Davidson was, 
perhaps, the most intelligent and the one Ix'st versed in 
Agricultural Chemistry. His pupil, Mr. Jardine, is a 
worthy successor of his. He wrote in LSGl 

“ A tree requiri's annually 1*84 11)S. salt h‘70 lbs. 
potash (accoi’ding to Ijcpine’s analyst's,) yet tlu' larger 
amount may be less essential to its \velfare than the 
smaller quantity, because this possesses properties which 
the other has not, and for the want of which nothing 
else will compensate. The weight of tlie salt required, 
compared with the other inorganic matter, does not 
exhibit fairly its relative value as a manure. Here 
(Jaffna) day after day may be seen strings of carts creep- 
ing from the beach to the estates laden with sea weeds. 
For the sake of the salt it contains we drive a cart-load 
of matter which wp coul'd obtain much nearer home and 
at a tithe of the cost, because our liulers persistently 
refuse to allow us at the price they sell it for exporta- 
tion, to purchase that salt for our estates, which it some- 
times costs hundreds of pounds to destroy. The following 
offer was made to Government. Parties to get salt at 
export price, would adulterate it with matter best 
adapted to render it unfit for culinary purpose, in the 
Government stores. They would enter into a penalty 
bond to the full value of the salt, at the market* price, 
that it should be used solely as a manure for coconut trees 
and they would pay a Government employee who should 
certify to its application as specified. We deserve, per- 
haps, that our wants should be disregarded, for, I do not 
remember that coconut planters have ever combined to 
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have them fairly represented. With more of unity and 
combination in our efforts, we should doubtless command 
success 

Possibly at the time Mr. Davidson wrote the above, 
coconut eslates regularly cultivated existed only in the 
Northern and .Eastei’n Provinces. Though the cultiva- 
tion of the palm and the opening of estates have increas- 
ed by leaps and bounds since then, the deplorable want 
of unity and combination which we tlien bewailed, still 
exists. If so shrewd and intelligent a planter as IMr. 
Davidson thought salt a necessity in coconut cultivation, 
and placed so high a value on it, even on the sea- border, 
surely I was riglit when T, ignorant of his opinion, ad- 
vocated the use of salt for coconut cultivation, especially 
in inland districts. If salt be available at cheap rates, 
its use will gradually extend, till it assumes very large 
proportions. When one’s neighbours see the benefits 
arising from its use, they will gradually follow suit. It 
nursery plants, before being put out, are steeped in brine, 
they become immune from the attack of white ants, and 
turn out healthier and stronger plants. If a small (juan- 
tity of salt be sprinkled in coconut holes, insects are 
destroyed. If a sutficicncy of salt be used to impregnate 
the soil, the plants will be able to resist droughts, 
as the impregnated soils wi'l absorb moisture from the 
atmospheie. If salt be applied to coconut plants of 
larger growth and to trees, the soil is kept moist and 
free, if ‘mulched simultaneously, the capillarity of the 
soil is increased and evaporation lessened, so that 
drought's will not seriously affect them. Salt, as stated 
before, is a solvent. When the soil is moist and the 
plant-food is rendered soluble, rootlets will be perform- 
ing their functions of feeding continuously.” 
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Most farmers are aware that salt possesses valuable 
manurial qualities in connexion with some soils, but its 
application has not been nearly so extensive as is desir- 
able. Salt consists of two-thirds chloride and one-third 
soda and as the solvent powers of chloride are enorm- 
ously greater than those of rain water, its ability to 
break up soil and leave its constituents free and available 
for nourishing the roots of plants is a highly valuable 
qualification. Salt absorbs moisture from the atmos- 
phere and helps to retain it in the soil, thus compensat- 
ing, to some extent, for a deficiency of rain and it also 
purifies and decomposes inert matter. When used in 
connexion with stubborn soils they are made easier to 
work, while, at the same time, it is of material assistance 
in helping to destroy wireworms, slugs and other insect 
pests, iSalt is specially valuable for sour pasture lands, 
its action being to make the grasses sweet and palatable 
for stock. 

In September* 1904, J. W. Thurn, writing from 
Honolulu, says: '‘In the April issue of your paper re- 
cently to hand I noticed an inquiry as to the benefit an 
application of salt has, on the growth of coconut trees at 
an altitude. For the benefit of “ B” the party inquiring, 
I would state that at an altitude of 1800 feet my coco- 
nuts treated with salt were seven feet higher at the end 
of the second year than those untreated. Salt was 
applied when they sprouted.’' 

Certain fertilizing materials, particularly k^ainit and 
nitrate of soda, possess well-recognized insecticidal 
properties. The most important secondary , effect of 
fertilizers is exerted on the water content of soils. To 
this the increased drought-resistant powers of soils 
fertilized with certain mineral salts is due. Nitrate of 
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soda and kainit both materially increase capillary action 
in soils. More water moves upward from the lower 
strata and thus comes within reach ot the roots, when 
the soil has been fertilized with either of these materials, 
because the moving water has become a dilute solution 
of these salts. 'Fliis fact is not only susceptible of scien- 
tific demonstration, Imt accords with practical experience. 
Growers frequently explain their observation on this 
point by the supposition that these materials absorb 
atmospheric water, and thus increase the available sup- 
ply. The real explanation lies in the well-known power 
of certain salts of potash and soda, to increase surface 
tension, and consequently the capillary movement of soil 
water. 

This action is so important that it may well exert a 
controlling influence in determining the selection of the 
form ot fertilizer, when no counteracting objection to 
the use of tlie material exists. The influence on the 
water content of dry sandy soils, is sonjetimes sufticient 
to save a crop of fruit which might otlierwise be lost. 

Organic manures increase the dryness of soils during 
•scarcity of moisture. 

The analysis of kainit will show how easily it can 
take the place of common salt, and the arguments 
adduced in favour of using chloride of sodium for coconuts 
will serve equally well for kainit. 

Kainit contains: Pure potash 12‘5 per cent., lime 
IT‘2, chloride of sodium 84*6, sulphate of magnesia 14 '5, 
chloride of magnesia 12*4. 

The long correspondence in the Tropical Agriculturist 
showed the interest taken by Ceylon planters in the use of 
salt and points to the fact that little was known of kainit. 
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JB” writing on March 2nd, JU04, says : “ The reasons I 
have always adduced for the necessity of salt in coconut 
cultivation carried on away from the iniinediate sea- 
border are : (1) that the original home of the coconut 
is the seashore, (2) that salt has a mechanical and chemi- 
cal effect on the soil, and (3) that for the abovi^ r(‘asons, 
it is not reasonable to measure tlie necessity for salt in 
coconut cultivation by the results of chemical analyses. 
It is very gratifying to lind a confirmation of my views 
by a higli authority, or, to be more accurate^, to find that 
the views I hold on the subject are in accord witii those 
of a well-known agricultural chemist. 

In reading “ Principles of Agricultural Practice',” by 
Professor Wrightson, I hnd : “The present form of 
Mangelwurzel is a maritime plant, the Beta Maritaaa^ 
which grows wild near the coast, in situations where 
chlorine, in the form of chloride of sodium, is abundant. 
It is well known tliat, while, (W('n in inland districts, some 
twenty pounds of/}Hloride of sodium per acre is yearly 
brought down in rainfall, nearer the coast wliere sea- 
freshets are common a very much larger (piantity is yt'arly 
poured down over an acre. T'’ho Mangel wiir/cd, being a 
cultivated form of Beta dfuruu/ia, appears from long usage 
to reejuire a largo quantity of common salt and the appli- 
cation of this substance increases the yield by many tons 
an acre, especially on soils of liglit, loamy cliaractor. 
These cases seem to show that special manures are of use 
in a manner quite distinct from soil requircjinents. ” 
Again : — “ Additions of sulphate of potash, sulphate of 
magnesia and chloride of sodium (common salt) often pro- 
duce a considerable increase in Mangel’, but it is open to 
the view that the effect is a good deal owing to the com- 
mon salt, rather than to the magnesia or even the potash.’' 
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Some idea may be formed of the amount of saline 
matter required for a fertile soil, if we consider that it 
requires 500 lbs. to add 1 grain to eveiy pound of earth, 
a foot deep in an acre. 


Mr. Lepine’s tables give analyses of the root, trunk’ 
leaves, tunics^ peduncles, spathes, and fruit or drupe 
including husk, shell, kernel and water. To serve our 
purpose totals will suffice showing the fixed matter drawn 
up from the soil by a coconut tree during 30 years : 


Chloride of sodium 
Salts of potasli 
Phosphate of lime 
Salts of lime 
.Salts of magnesia 
Silex 


35-134 lbs. 
241-494 „ 
116-52fi ,, 
92’89() „ 
0*820 „ 
17*200 „ 


The above is taken from the second edition of an 
interesting work published in Colombo in 1895, entitled 
‘'All about the Coconut Palm” and compiled by Mr. J. 
Ferguson, Editor of the Ceyhn Observer and Tropical 
Agricidtnristf as is also the following table deduced 
from the above which shows the total of inorganic and 
fixed matter drawn up annually from an acre by 75 trees 
bearing 80 nuts per tree : 


Chloride of sodium 
Salts of potash 
Phosphate of lime 
Salts of lime 
Salts of magnesia 
Silex 


100*383 lbs 
734*524 „ 
300 025 „ 
262*182 „ 
2*674 „ 
45*908 „ 


It will be noticed how comparatively little chloride of 
sodium is taken up and on this subject the book above 
referred to speaks in the most interesting manner. On 
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page 88 of the a'ppeodix, we find. — “We all know the 
nature and some of the properties of common salt. Most 
of us know that it is essential to the existence of man 
and of animals; but few know that it is as essential to the 
growth of vegetables. It is found in all organized bodies, 
whether animal or vegetable, and acts otherwise than as a 
?nere ingredient of these bodies. Were I to say that it 
acts as a stimidant, I might state what I could not 
explain, but I could point to its operation in the animal 
economy, asa proof that it possesses properties essentially 
differing from those of any other “salts”; properties 
adapting it peculiarly to a tree in wliieh tln^ ever-circul- 
ating sap is perpetually varying in constitution and den- 
sity. Such being the case, we can understand why the 
coconut tree thrives best where it feels the infiuence of 
spray borne on the wings of the wind. A tree requires 
annually 184 lb. of salt and 9*79 lb. of potash; yet 
on the above supposition the latter and larger amount 
may be less essentiahto its welfare than the former and 
smaller quantity, because this possesses properties that 
the other has not and for the want of which nothing 
else will compensate. If I am right in this matter, the 
weight of salt required (compared with the other 
inorganic matter) does not exhibit fairly its relative 
value as a manure. Theory is, here, apparently at 
variance with experience ; but only so because a property 
belongs to salt, of which chemical analysis takes no 
cognizance. It shows the elements and the proportions 
of them in any object ; but does not exhibit *all the 
properties of them. * Most of those who have carefully 
considered Mr. Lepine's tables were probably as much 
surprised as he appears to have been at finding how* 
small a proportion salt bears to the whole inorganic 
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inattef in a tree ; because observation and experience 
lead one to anticipate a much larger amount* This is 
precisely one of those cases in wliich the man who 
undervalues theory has the advantage. He can point 
to experience and say that whether science in general, 
and chemical analysis in particular, be for or against 
him, salt is the manure which he mmt have. The late 
]-)r. Gardner used to describe the value attached, in the 
J3razils, to salt as a manure for coconuts, stating that a 
man would walk many miles for it, pay high for a load^ 
and then apply in to a single tree. At Singapore the 
ashes of a plant, rich in salt, are used with extraordinary 
frequency, and I think that at Batticalloa the ashes of 
the mandrake are, from the same cause, those which 
produce tlie most effect. There, day after day, may be 
seen strings ol carts, going from the beach to the 
estates, ladeii with sea-weed, whicli experience has 
proved so useful a manure. 

Potash is th(? principal ingroJient of the ashes of 
land plants; soda of marine plants. ‘'Lime results from 
burning limestone or coral. These three are compounds 
of insoluble metals and the oxygen of the atmosphere, 
the combination bidng soluble in w^ater. The,, salts 
mentioned are (with the exception of the sulphates and 
chlorides) varied combinations of these metals with 
different constituents of the atmosphere; and undjer 
varied circumstances are, by atmospheric agency, inter- 
changeable the one into the other : compounds of soda 
into other soda salts, etc. It follows th'ereforo that 
though we apply only potash to a tree it may soon, 
under favourable circumstances, be converted by the 
atmosphere into a nitrate or carbonate of potash; and 
so with the others • Salt alone is necessary because we 



545 


cannot elsewhere procure the chlorine to convert soda 
into salts. The salt, which, after potash, is found in 
the coconut tree, is co]nmonly known as “bone earth.” 
It is insoluble in water but dissolves readily in any acid 
such as carbonic acid and even acetic. As an illustra- 
tion of the solvent power of rain water (which always 
contains carbonic acid in solution) Liebig mentions 
that an animal buried on the slope of a hill was examin- 
ed after some years, when not a trace of bone earth was 
discovered. When a cemetery in Paris was removed, 
the fat was sold to be converted into soap and candles ; 
but the bone.H had dimppcan'd." 

When a plantation of coconuts is made in the 
interior at a distances from the sea it is cvistomary to 
throw a considerable quantity, as niuch as lialf a ))ushel 
of salt at times, into the hole that receives tlie coconut. 
It is* consequently amusing reading to find in J. W. 
Bennett’s. “ Ceylon and Its Capabiliiies ” a paragraph 
running as follows : '• The Cingalese are so extremely 
superstitious that they invariably throw a little salt into 
tlie holes, before they place the coconut plants in them 

If the salt were omitted they would not expect 

the piant to flourish.” 

From the analyses and the succeeding remarks of 
planters long engaged in coconut cultivation, it is evi- 
dent that a heavy dressing of potash and a fair allow- 
ance of bone or superphosphate are needed by the 
coconut tree and a far greater allowance of saij than 
the anaylses of the plant itself would lead us to expect. 
As kainit, one of the potash salts contains from 12 to 14 
per cent, of pure potash and over 80 per cent, of com- 
mon salt, it appears to be an ideal form for potash 
application. 

35 



54 () 


One must only watch the trees near a human 
dwelling to see the benefits to be derived from manuring. 
The splendid a])pearance of such is accounted for by 
the natives of Ceylon as the love of the plant for the 
human voice. The manure from domestic animals and 
from around the house apparently do not count. 

W. II L. writing on coconut cultivation points to 
the tree itself as a register of its treatment. Fie says: 
“ The stem of a coconut tree on poor land forms a 
complete register of the periods at which manure has 
been administered, the effects it produced, and the time 
during which it operated and became exhausted, ft 
contracts under the pressure of want, expands when fed 
lil)(UMlIy, and again contracts wlien all tlio food is used 
up. 'Phere was a tree that had stood for twenty-live 
years on sand so poor that not a blade of vegetation 
was ever seen within twenty feet of it; th(*. stem, over 
one foot in diameter at the surface, gradually diminish- 
ed upwards, till at the fiv(^ feet of , height attained, it 
was l(^ss than four inches and the length of tlie leaves 
was about thirty inches. In very truth, no more 
wretched specimen of a still livdng plant could have been 
conceived by the mind of man, and it was only for the 
sake of proving the theory that its treatment was under- 
taken. Twenty pounds of poonac and five pounds of 
steamed bones were mixed and sown broadcast in a 
circle twelve feet in diameter and dug in. It began to 
grow vigorously at once and each fresh leaf that expanded 
was an increase on the length of its immediate pre- 
decessor till at the end of twelve months they reached 
fifteen feet ; at eighteen months it produced its first 
flower and was again manured with five pounds ot 
poonac and two pounds of bones; at thirty months it 
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began to give a crop and the top was so heavy tliat there 
appeared some danger of the small part of the stem 
giving way, but this did not happen and for the three 
succeeding years tlie same dose of poonac and bones was 
given. At the end of the fifth year it was a handsome 
vigorous tree, stem immediately under the leaves over 
one foot in diameter and a crop of from 60 to 70 nuts, 
while the aggregate of previous gatherings was not over 
one hundred nuts. I have only to add tliat the cost of 
these results was 75 cents (about 12 annas).” Tlieie is 
an old Hindu adage concerning the coconut which runs : 

Water me continually during my youth and T will 
quench your thirst abundantly during the whoh^ coui’se 
of mv life.” TJiey miglit have said appropriattdy : 

Feed me well throiigliout my life and T shall fiaal you 
W(ill ill return,” though of course irrigation should not 
be neglectc'd till tiie tree lias reached its eighth or 
tenth year and in many place's tliroiighout the course of 
its life. ^ 

If it he true that, in the whole, range of V(*getation, 
there is scarcely a plant that will do so much for itsell 
with so little help, it is equally true no plant responds 
so much to assistance in tlie shape of fertilizers. 

Manure niadi; by cattle h'd on the grass of ilie 
coconut field adds nothing to the general fertility of the 
land ; it merely removes it from one place to another ; 
but while the plant is young, and only commands with 
its roots a small proportion of tlie space assigned to it, 
the placing of the manure witliin reach of the /(;ots in 
this form is of high importance to its rapid growtli and 
early bearing. It is not the amount of food thus placed 
within its reach that limits the good done ; the roots are 
stimulated to push out further into the soil and thus 
acquire a wider feeding ground. 
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The roots of the coconut are most vigorous and 
active towards the extremity of the primaries and these 
(pialities gradually diminish towards their origin on the 
stem, because in their outward course they have already 
appropriated the cream of the soil’s elemental wealth. 
Therefore, manure in the centre between two lines of 
trees is more immediately effective than within a few’ 
feet of the stem, even if cattle tying in circular trenches 
be avoided. Tying two head of cattle to the tree for ten 
nights, what with treading and what with fresh urine, 
kills off all roots within six inches of the surface, thus 
depriving the tree of its wider range of feeding ground, 
and the immediate effect is a falling off ratlmr than 
improvement. If the dung be dug into the soil at once, 
the tree revives and flourishes till the supply is exhausted, 
when it rapidly falls off to a worse state than before the 
application ; but the more common practice is to let it 
alone. As the feeding I’oots of plants do their work 
underground, dung left on the surface is so much good 
stuff wasted besides injuring the ‘tree by inducing it to 
throw out primary roots above ground, in an abortive 
endeavour to reach the food froni above, which it cannot 
avail itself of from below. The planter who uses a com- 
plete manure properly balanced such as oil-cake or 
nitrate of soda, bone or superphosphate and potash in 
the form of kainit will double, treble, and (juadruple the 
crops of land previously left to the care of nature. 

A' well-watered and manured tree, in good soil, 
begins to yield when it is five years old and in bad soil 
when it is eight or ten years old. It is in its greatest 
vigour between the ages of twenty and forty and con- 
tinues to yield till ii is eighty, living to a hundred. 
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As a rule a plant throws out a spathe and a leaf 
every month : each flowering spike yields from 10 to 25 
nuts. The produce of a tree m full health and properly 
tended may be from 50 to 120 and even 200 nuts a year, 
the yield depending greatly, of course, on the suitability 
of the climate and soil for coconut cultivation ; a safe 
average would be 100 nuts a year to each tree in full 
bearing. A Ceylon planter says there is no practical 
limit to the yield, for he knew trees that for a series of 
years bore 400 nuts and many individual trees that 
regularly yielded from 200 to 800. Any tree that bears 
a small crop in any soil may be made to bear a large one 
in response to the proper manure applied. The natives 
of India call a coconut tope a bank, but they continually 
draw cheques on their capital without putting in fresh 
deposits. The result is seen daily in the decreasing 
returns. 

As in all other cUses of manuring it is always better 
to manure the acre and not the tree, for so many mis- 
' takes are made as to where the fertilizer should be 
placed. If put around or very near the stem of the 
plant much is washed down into the soil and is lost to 
the feeding roots, whilst if the plantation has the manure 
spread over it and ploughed in, every rootlet has an 
opportunity of receiving its plant-food. 

The following mixture will be found useful as an 
annual application per acre : — 

Lime 4 cwt. 

Bonemeal i cwt. 

Kainit 8 cwts*. 
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Ground-nut cake meal 5 cwts., or any other oil-cake, 
provided the same amount of nitrogen is supplied. Fish is 
extensively used instead of bonemeal and cake, but the 
analysis cannot often be depended upon. 

IVj owners of plantations I would suggest experi- 
ments on a few trees, till, after seeing results, experience 
convinces the farmer that nothing pays better than 
jnannring coconuts. 



POTATOES, 


In the Government Keport of the Department of 
Agriculture, Bombay Presidency, for the year 1908-11109 
we find a very interesting record of experimimts with 
potatoes. It is a pity the extent of the plots and the 
variety of the manun's used, tlie cost of cultiiri', and the 
net profit are not included in the returns — all points of 
the greatest interest to tlie Indian farmer. However, 
the purpose for which the experiments were undertaken 
appears to have l)een served and the laisults may open 
the eyes of tliose l)itherto contented with what after all 
must be considered poor harvests. 

As it will certainly serve a useful purpose the rti- 
sults are embodied hare; — 

“ This is a very important cr<)p in the neighbour- 
hood of Belgauin and Dharwar. The department has 
rented a plot of 5 acres at Belgaum and the Ist crop 
was taken during the year under report. The local 
cultivators always purchase Italian seed for sowing at 
Belgaum and the produce of this is sown at Dharwar. 
Seed cannot be retained from om^ seas(m to another 
owing to insect attacks in the stores, which are not 
well protected. , 

With the object of ascertaining whether Italian 
seed is the best for the purpose, a large number of varie- 
ties obtained from different parts of India and also from 
some of the famous European Pdtato Districts, were 
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grown on small plots, and the following statement com 
prises those varieties which gave the best outturns : — 


I 


I 


Name of Variety. 


Duke of Cornwall 
Northern Star 
Early Kose 
Sutton’s Superlative 
Windsor Castle 
Hymalian Old 
Burbank 

Scotch Champion 


Register 

! Yield per 

No. 

1 acre in lb. 

79 

38,142 

52c 

32,800 

21(! 

. 28,740 

78 

28,520 

75 

22,154 

54c 

1 28,000 

92 

20,470 

!44 

20,000 


Besides these a large number have yielded over 
10,000 lbs. per acre. It will be seen that the highest 
yield amounted to about 15 tons per acre which must 
be considered very satisfactory. 

Italian yielded 12,811 lbs. which was considerably 
lo.ss than a large number of othet* varieties. If these 
results are confirmed this year, it will be a matter of 
careful consideration whether some of the best yielding 
varieties should not be distributed to cultivators and the 
latter recommended not to grow the Italian variety.” 

There are, however, other factors which have un- 
fortunately to be taken into account, viz., (a) insect at- 
tack and (6) rot. Many of these varieties are subject to 
rot ; Bachmari, which yielded a crop of 15,756 lbs. per 
acre w.as the first to become affected with rot which 
occurred only a fortnight after the crop was harvested. 
The English varieties followed suit a little later, but, 
continues the experimenter, “ these are more resistant 
to insect attack in the godowns. It has been frefluently 
observed that varieties with deepset eyes are most 
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subject to insect attack and this observation was again 
confirmed this year under report. Most of the Englisli 
varieties have shallow eyes. Investigations will there- 
fore have to be continued till a good yielding variety, 
resistant to rot and insect attack, has been found. 

At Belgaum, potatoes are grown as a rabi crop, 
with the aid of irrigation, while at Dharwar they are 
grown as a rain crop without irrigation. In the year 
under report potatoes were grown in black soil (tlu^ 
farm site) and in red soil (Kelgeri site). The produce of 
the crops grown on these two soils w^ere kept separately 
until it was required for sowing at I belgaum in the rabi 
season. It was at this time that it was discovered that 
the potatoes produced in black soil had begun to rot 
very rapidly and were also attacked by insects, while 
the crop produced in red soil, was in sound condition. 

An effort was made to introduce this crop upon the 
Dohad Farm in the^ year under report and with fair 
success. It was rjecessary to sow^ the seed with only a 
limited quantity (5 tons per acre) of farmyard manure 
and on land not previously cultivated for such crops. 
Fresh Italian seed was used and an outturn of 8,fi25 lbs. 
per acre w'as obtained. The brown loams found in the 
Panch Mahals are likely to suit this crop well where 
suliicient manure can be obtained along with irrigation 
facilities.” 

The introduction of potatoes from Australia appears 
to have been followed by a successful culture ’of the 
tuber, to judge from the following that appeared in the 
Madras Tiine.^ of the 28rd February lUlO : — 

“It is now seven months since we pointed out to 
the public, on the authority of Mr. I. Stephens of 



554 


Ootacamnnd, the large profit which can be made by the 
intelligent cultivator of potatoes in the Nilgiris. Mi\ 
Stephens, who has much experi(3nce in the matter, pub- 
lished a pamphlet to refute a statement made by the 
Collector that the production of improved seed potatoes 
from imported tubers lias been a failure. His collection 
ot facts and figures with regard to his own importation 
of tuber.', and th(i crops obtained from them is convin- 
cing, and inspired, we hope, many others with the 
ajnhition of following in his fo.otsteps. A G.O. has now 
been published, giving particulars about the most recent 
experiment in imported tubers. On this occasion the 
seed potatoes were brought from Australia and the 
consignment was handed over to Mr. (4eorge Oakes and 
planted out by him in September last near Kulhutty. 
The crop was lifted on the lOth eJanuary and was found 
to be perfectly mature and free from disease. Mr. Oakes 
put down is cwt. ‘Satisfaction’ and lifted 78 cwt. ; 
Hi cwt. ‘Brownell’s Beauty’ and” lifted 85 cwt.; and 
10 cwt. ‘Cambridge Kidney’ which gave a return of 
28 cwt. It is explained that the latter variety was sown 
in poorer soil ; but notwithstanding the heavy cost ot 
breaking up and manuring new land, the estimatc'd 
returns after deducting expenses is about Rs. fiOO per 
acre. New imported varieties invariably give small 
tubers at first, so that these j-eturns will be considerably 
magnified at the next sowing, if sutficient care is taken 
only to put down the good seed. This condition, as we 
have said before, is one in which the Indian cultivatoi 
often fails, for to him painstaking in small matters is 
too great a mental effort. However there are plenty 
intelligent growers on the Nilgiris who may be trusted 
to take advantage o‘l the new seed within their reach.” 
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If such poor results as the above pay so well, what 
ought to be the returns from a really good [larvest ? 

It can scarcely be said that English potatoes had 
not been tried in India ])efore. A look into the pigeon- 
holed reports will probably bring to light not only the 
fact that experiments have taken place, but also the 
reason why they have not b«?en continued. 

In the Agricultural Gazette of New South Wales, 
September i90.‘h Mr. George L. Sutton, the experi- 
mentalist, Hawkesbury College, says : — 

''Potatoes frjni Enffboicl . — Twelve varieties of 
potatoes, which had been presented to the Hon. 
Minister of Agriculture, by M(‘ssrs. Sutton I'ir- Sons, 
the weli-knowm seedsmen of Beading, England, came 
to hand December (Uh, 190’2. These varieties had 
been specially selected to suit Australian conditions. 
They arrived in splendid condition, all varieties well 
sprouted, but hardly any decayed or injured ones 
in the whole consignment. They arrived too late 
for the early planting ; they were, however, care- 
fully preserved and planted as soon as weather condi- 
tions would admit. It is to be regretted that shortly 
after the plants appeared above ground a slight heat 
wave set in, which proved too severe for these unaccli- 
matised varieties. The whole of their foliage was com- 
pletely destroyed, whilst that of the acclimatised growing 
alongside of them was uninjured. This has seriously 
affected their yields and it also illustrates the value of 
acclimatised seed.*' 

The best seed should be chosen. The important 
points to be considered are : — 

1. Ability to withstand disease. 

2. Increase of harvest. 
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H. Ability to get large potatoes containing mucli 
starch. 

4. A better form or shape. 

5. Early riponers. 

6. Cxood keeping powers. 

Witli the same care and culture the differences due 
to choice of seed in the harvests have reached 2 tons 
per acre in Germany. 

The experience of potato growers all the world 
over points to the necessity of careful selection of the 
most suitable seed. Of course this is quite in accord 
with the usual principle in dealing with all crops, but 
as the potato plant lias to depend upon its seed for 
nourishment foi* a longer period than the generality of 
plants, all the more care should be taken to have a 
healthful tuber wherewith to generate a large, paying, 
healthy crop, hardy enough to be held over for the next 
planting. Experiments under equal conditions of soil, 
climate, etc., go to prove that, good seed, soil, manuring, 
culture, etc,, being the same, the harvest varied accord- 
ing to the size of the potatoes sown. 

When seed weighing 8T to d*5 oz. were sown, 
taking 100 as a standard, those weighing 2’8 to 2*5 pro- 
duced and the smaller weighing 1’4 to T6 pro- 

duced 66’ 54. 

About 14 cwt. of sets should be employed as seed 
per acre. 

We see from the Report of the Bombay De- 
partment of Agriculture that the selection of the seed 
has a great deal to do with the harvest return, and that, 
even with the seed selected, the size of potato planted is 
equally telling in thfe crop. 



It appears advisable to useinediuni sizes invariably, 
foT this pays best. However, we must not depend solely 
on the size of the seed potato. Every fanner knows the 
importance of tillage, manure, and the suitability ol soil 
and climate. Sooner or later the young plant will have 
used up all the nourisliment contained in the seed and 
must turn to the soil for support. Tf them th(‘ soil does 
not contain all the plant-foods necessary for the nourish- 
ment of the tuber in sufheient (piantities and in available 
form, it is natural that an interruption in its growth will 
ensue, and a poor crop will follow. 

In its wild state the plant was found in Chili in 
South America, in Lima, and New (Iranada, and at high 
altitudes in a dry climate. Otlier species were found by 
Larwin on the sea coast in the Chanos Archipelago, and 
he notes that “ it is remarkable the same plant should 
be found in the sterile mountains of Central Chili wh(n*e 
a dro]) of rain does not fall tor more than six months, 
and within the deop f(;rests of thes(‘ Western Islands, 
the Chanos Archipelago.” 

Kaleigh introduced the tulxn- into Ireland in iocSo 
and its cultivation has sinc(i spread not onlyovei' J^hiropc'. 
but all over the globe (xermany alonc^ produced in 1905 
no less than 48,000,000 tons. 

Here in India it is highly cultivated in the Hiighli 
and Burdhwan Districts where the cultivation is increas- 
ing rapidly, in Assam, where two crops ar(i nysed in 
one year, in the hills of the United Provinces, such as 
Nainital, Almora, Paori, Lormgat, Mussoorie, and in the 
plains, and about 12,000 acres in the Bombay Presidency, 
principally around Poona where nearly 90 per cent, 
are to be found, though small patches are to be 
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seen neai Alnnedniig^’ar, Satai’a, Ahiuedabad, and 
Kaira. 

,It is astonishing how restricted is tlu^ cultivation of 
tlie potato in India, vvlien we })ear in mind that Hindus 
eat potatoes on days of fast when grain is forbidden, 
and it is lound to be one of the l)est paying of agricultiu- 
al products round Poona. 

But to those who blame the natives of India for 
not accepting plants that are new and appartmtly bene- 
ficial to tlie rural ])opulati(m, the history of the spread 
ol the potat(j c.ultivation in hhn*o])e, oi’ rather the dilfi- 
culty of getting the faruu'rs to grow it, will lie exc(H‘d- 
ingly us'diil reading. Br(‘judice in tliis I'espect is not 
confined to India. 

Already in 1 lUH PeUa’ Martyr numtioiuMl the potato 
in a letter to the Archbishop of Grenada. There In* 
calls it agias. The original name was papas. 'These 
wei‘(‘. di’ied in (lie sun and tlieji fed need to meal called 
Chuna in Pern. The 8))aniards termed tlnmi Batatas 
\\Tiich is the name of tlie swead potato. The Tmglish 
twisted this into Potato. The. Italians finding them 
resmnhle trufih's called them Tartufi and Tartufoli, 
hence the German Kurloffel. Though Hawkins, the slave 
dealer, introduced them into Ireland between 1545 
and 15()5, and praised their worth, the famnn’s of the 
country would have nothing to do with them, and it 
was only after they were grown by Kaleigh on his farm 
at Youghal in County Cork, that the people followed th(‘ 
advice to grow them : but as late as 1(318 in Queen 
Anne's reign they were rare enough to cost 2s. a lb. 

Even in J (3(33 the Koyal Society in England endea- 
voured. with little ^success, to introduce the tuber as a 
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means of fighting famine, but the farmers did not take 
to the foreign root. 

It was as difficult to introduce into Germany as 
tobacco. 

Its culture spread in Bavaria ])V tlieend of tlie sevi'ii- 
teenth century : in Baden only a})out 1740 through 
the instrumentality of a woodhewer who dic'd in 1 SUd a 
wealthy man. 

Fredrick the' (rrc'at knew thc^ value' of potatoes as a 
food during the* Sc'ven Years’ War, and insisted that the* 
peasants slionld h(^ dragoonc'd into growing it, with the 
ri’.sult that during the famine' of L770, wliilst Bohemia 
lost iso, 000 num and parts of Silc'sia lOn.OilO, in that 
part of the country wluao potatoes grew stai vation was 
unknown, although *20,000 immigrants c'utc'red it from 
Bohemia. 

Thougli grown in lihdO in France, its s])r(*ad Wiis 
very slow. In I701^tlu^ Academy of l^esaneon oifcrc'd 
a pi’ize for tlu; Sc'st sul)stitute of cerc'.als in time of 
famine. Bariiientier got it for his essay on the. Potato : 
hut he had to resort to a subtc'rfuge to induces thc^ peas- 
ants to take to them. He* had it announced all oven- tlu: 
country that a severe punishmemt would follow tin', thedt 
of potatoes, and then they were stolen and grown oven- 
considerable areas ; Init it was only afti'i* the famines of 
1703 that tlie growth of the potato l)(;caiiic‘ general. 

If in the midst of the boasted civilization of tln^ 
West it was so difficult to introduce tlie useful, almost 
necessary potato, ouglit we not to think twice belorc; 
blaming the Indian raiyat because he will not at once 
take up everything we offer him as tending to his ad- 
vantage. * 
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The difficulty ot‘ conserving and the necessity of 
importing the seed annually may be one of the reasons. 

As might be expected in reading the history ot the 
tuber, it appears to grow best in India at high altitudes 
as it did in its native home, and there is little wonder 
that in Mahableshwar it grows so large and so well- 
rtavoured. The same is found in the hills in the North- 
VV(‘st wherci the potatoes are so good as to fetch twice 
the price obtainable by those cultivated in the plains. 
Even in Burma the same fact is established, the crop 
in the Karen Hills during 188:1 having been niiieteen- 
Ibid. 

When anything is done in In ia contrary to scien- 
tific princii)le.s of farming, new comers are apt to jump 
to the conclusion that the action arises from ignorance. 
But the fact is that povtn’ty and tlu^ necessity for 
immediate gain is often tlui cause. 

Though small potatoes are sown* the farmers know 
[)erfectly well that middle-sized potatoes fetch a better 
price in the market and the money is needed at once. 
If one took the. trouble to explain the advantage froin 
using the potatoes as seed instead ot selling them, so 
that a much larger gain would result when the new 
crop was obtained, he would probably be met with the 
vernacular rendering of Live horse and you will get 
grass.” 

J']yen where for years potatoes have been grown by 
good farmers, the earth is often removed from the large 
tubers, while the plants are still quite strong and healthy, 
and though somewhat immature they are raised and 
sold in the early macket at a high price ; the parts of the 
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plant immediately above the j^round are th('n covered 
with earth and the fields are watered, so that a second 
crop of middle-sized potatoes is thus obtained and may 
be kept for seed. 

In an article The cultivation of potatoes under Irri- 
gation in the neighbourhood of Athens hy P. A. Decazos, 
Director of the Agricultural Station of Attrea and 
Hofcotia at Athens (Monthly Bulletin of Agricultural 
Intelligence and of Plant Diseases April 1015) we learn 
that ‘'on account of the scarcity of potatoes on the 
markets, the crop is often dug up before it is ripe, the 
loss entailed by diminution in W(dght being made 
up by the liigher prices obtained at these seasons.” 

Though little care is taken in tlu' selection of seed 
much is done to preserve them. 

One of the p(^culiai'ities of potato-growing in Jiengal 
is so far not explained by accept(‘d agricultural science. 

Not only are'p^^tatoes grown in the same held year 
aftei* year, Init expcu’ieiice shows that a ne why- broken 
"held does not give a good outturn. Watt iii his 
“ Dictionary of Economic Products” states that “pota- 
toes are generally grown after A us paddy as a st>.cond crop, 
but a field which grows only potatoes gives a better crop, 
and, oh such a held, potatoes may also be grown much 
earliiu’.” 

Only experience can show where this practice 
should cease and rotation or fallow be introduced to 
.avoid the dreadful disease of rot known to the raiyat as 
Dhastiy which makes its appearance just below' the 
ground, causes rot beneath, and dries the upper portion 
ot the plant. Whole stretches of potato-growing helds 



are coiDpletely destroyed by this disease, and the loss is 
immense. 

In Assam it was so virulent in 1887-88 that the 
crop turned out an al>sohite failure. Old fields were given 
up and new seed imported, and in the course of two or 
three years the disease disappeared. 

Here we have a remarkable similarity l)etween a 
five months’ ci’op and woods of hundreds of years’ 
growth. Foreshadowed by De Candolle and treated of 
by Jaeger in his “Soul of Plant Life,” it was lately 
scientificahy sliown in America that plants excrete. Drsi 
Wilfarth, VVimmer, and Koemer all but came to this 
conclusion when treating of the action of potash as a 
carrier of nitrogen, in their book on the “ Assimilation 
of Food by Plants at various Stages of their (rrowth.” 
In this it is clearly shown that the less potash is placed 
at the disposition of plants, the more nitrogen returns to 
the soil. Call it what we like, .th(5 matter returned to 
the soil is an (ixcretion after it has been used in the body 
of the plant aiid is got rid of, probably vastly changed, 
when its work is done. As in animal, so in plant-life 
emanations are pleasant when not overconcentrated, 
harmful when there is an accumulation of too much of 
them. The excreta of plants and the emanations from 
them are rendered harmless to a great extent by the 
soil, and by other plants that feed upon their excreta. 
Certain trees, like the fir and the pine in Europe and 
the casuarina in India grow poorly when alone, and 
reach their proper dimensions only when grown to-^ 
gether in numbers. But even these die down in 
course of time and woods of quite different species 
follow. To say that they have exhausted the soil can 
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scarcely be an explanation, for they have drawn from 
the sub-soil the elements of nutrition, and, witli the 
falling needles or leaves, have enriched the humus of 
the surface on wliich at least young plants should thrive. 

It is evident that a certain concentration of emana- 
tions is helpful to such plant-life, but that a time comes 
when overconcentration takes place, and disease and 
death follow, and the land is unlit tor propagating the 
same species, though a different tree, that, as in the case 
of animals, does not find the excreta of anotlier plant 
noxious, will thrive in its place. 

This is the only explanation we can at present lind 
for the improvement of the potato crop and its early 
maturity on elands where potatoes have been grown 
l)efort\ As with other croj^s it also explains disease ami 
death from an overconcentration, and it should he the 
aim of agriculturists to asc(*rtain at what period over- 
concentration of the effiiivia from the roots or tubers of 
this particular plapt is likely to take place. 

])r. Watt says: — “The disease is very probably 
propagated in the tubers” and though one statement 
reads “ It does not seem that the disease is induced or 
even influenced by any peculiarities of the soil and 
climate,” what follows seems to point to one of the 
causes when he says, if not induced it is much aggra- 
vated, by continuous heavy showers and high tempera- 
ture in the months of Shravan and Badra ” 

Under such conditions aeration of the soil is practi- 
cally put a stop to, and the result will be (juite in accord 
with the tlieory advanced above. 

It is very probable that the introduction of charcoal 
into the manures will help to stave ’off if not completely 
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destroy the chance of a recurrence of this fell disease. 
Similar climatic conditions in Ireland have brought 
about the divad potato blight, and its consequence, 
famine, and if burning the soil to get rid of the plant 
emanations too costly, the cheaper form of deodoris- 
ing by charcoal would probably hav(i the desired effect. 

The Indian peasant is by no means ignorant of the 
inanures necessary to raise a good crop of potatoes. 
4Miough he cannot get artihcial phosphatic and potassic 
fertilizers, his choice of such natural manures as are at 
his disposal are exccdlent. He applies well-rotted dung, 
mustard cak(‘, castor cake and ashes, generally preferring 
(tastor cake in Jhuigal, for it contains a fair supply of 
phosphoric acid and potash, an addition beitig made to 
the last named by a ([uantity of cowdung aslu‘s. Dung 
is newer used unless it be in a well-rotted state, and it is 
incorporated with the soil long before the potatoes are 
sown, (rreen manuring is found only in the best potato- 
giH)wing villages. 

Of course th(’ amount of manures used is regulated, 
as with every other crop all over the country, not hy tlie 
rinpiirements of the soil or crop, hut by the means of the 
cultivator, which, i^s a rule, are very restricted. 

Generally about 20 maunds ( 1,600 lbs.) of dung and 
S to 10 nids. (640 to sOO lbs.) v)f castor cake are used 
per bigha, and to avoid any loss of nitrogen, half the 
cake is .used at tlie time of planting and the other half 
with the second eartiling up. At Nalikul, tlie greatest 
potato-growing village in Bengal, green manuring is 
sometimes resorted to, indigo seeds being thickly broad- 
casted in the middle of May and the plants ploughed in 

f 

about the middle of July. 
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The outturn in good years, when sickness has not 
attacked the plants is about 4,000 lbs. though in some 
places noted for careful cultivation as much as b, 100 lbs. 
is obtained. That this return can be very greatly in- 
creased is (U'ident from the harvest obtained by ^[r. 
Whitcombe, Assistant Settlement (JlTicer, whose e\]vri- 
ments, according to Dr. Watt, in his Dictionary of 
Kconomic Products, sliow a record of 1*2,000 l})s. 

llili potatoes, sucli as those grown at IVTahableshwar, 
Nainital, Mussooree, etc., are larger and bett('r (lavoured 
than those grown in the plains, but in the North even 
these ar(‘ deteriorating rapidly, and in the South potato 
disease has shown itself to a great extent in tlie Nilgiris. 

It is to be hoped that the growth of the tuber will 
spread rapidly in the country wherever the soil allows of it. 

Kankar soils (those containing lime nodules) are 
considered by the natives unfit for potatoes. Iron and 
saline soils are alf=io not used, a sandy loam of fine tt‘x- 
ture being regularly chosen. 

The following leaflet No. 10 of 1010 was issu(*d by 
the Department of Agriculture for the benefit of culti- 
vators in the Bombay Presidency : — ^ 

“ Potatoes are extensively cultivated in the Poona 
District, and to a less extent in the Satara, Belgaum 
and Dharwar Districts. They grow well in a good red 
soil, in a mixture of red and black soil, or in sandy loam. 
The crop is usually grown as a Kabi crop under well 
irrigation, but may be grown as a Karif ciop where the 
rain is favourable as in Belgaum. 

Cultivation of one Acre of Potatoes . — Get 1,000 lbs. 
of potatoes as seed. Cut each potato into sets. Cultivate 
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the soil well to a depth of 8 inches, ploughing two 
OL’ three times. Manure'with dO cartloads of well-rotted 
farmyard )rianure. Make a furrow 4 inches deep, plant 
the sets 8 inches apart, make the next furrow 10 inches 
from the first, and in doing so the earth wull cover the 
first furrow. Plant the second furrow as the first and 
continue in this way till the whole field is planted. 
For irrigation, beds are made d or 4 feet wide. Irrigate 
every 8 days. A dressing of household ashes or crude 
nitre is very useful. Weed the ground well and earth 
up tlie potato plants once when they are 0 or 8 inches 
high, and again about a month later. Another, and 
probably bettcu* method is ridge cultivation. By this 
method make ridges 18 inches apart with a small plough 
and Cl OSS furrows Id inches apart for irrigation and 
make beds containing four ridges. Plant sets 1 foot 
apart on each side of the ridge, halfway between the 
crest of the ridge and the bottom of the furrow. In 
this way the sets are kept sufficienUy moist for germi- 
nation but are not submerged. 

When the leaves wither, watering may be stopped, 
and when the soil is dry the potatoes may he ploughed 
or dug up. 15,000 lbs. per acre is a good crop. 

The crop suffers from two diseases: -- 

ll'i The King Disease. — To avoid this, get fresh 
Italian seed, if possible ; and when you cut see that the 
seed is hot diseased. If ring disease occurs in a field 
one year, do not plant potatoes there again for some 
years. 

(‘2) The Potato Worm. — The potato suffers much 
from worms which make holes in them in the .store-house 



and spoil a large part of the crop. These worms come 
from the eggs which a small brown moth lays on the 
potatoes. No worms can get at the potatoes unless the 
moth can get at them. To prevent the moth laying eggs 
on the potatoes be careful to earth up all the potatoes 
that may appear above the ground when the crop is 
growing, and as soon as the crop is dug up, put the 
potatoes into sacks. Do not on any account let 
the potatoes lie in the fields at night, or store tlieni in 
heaps where the moth can lay eggs on tliem. If you 
put them in sacks they will be quite safe. 

It is probable that potatoes would be found a paying 
crop in many parts of the Deccan and Southern Mahratta 
Country where there is good rod soil, and in sandy sf)ils 
in the Konkan. Anyone lequiring help to grow this 
cTop sliould apply to the Director of .Vgriculture, Poona. 

'rhe Potato Worm. (Karese Batate Hula.) All 
cultivators who grow potatoes know the small dirty 
grt'yish worm which is found in large numbers in the 
tubers especially when these are scored for a long time 
in the godowns. You are all well aware tiiat it is 
impossible to pre.serve seed potatoes from harvest time 
to the next sowing season on account of the damage 
done by this “ worm ” and you tliend’ore pay highly for 
fresh Italian seed imported every year from Bombay. 
(Careful cultivators may have noticed that these worms are 
first seen upon the leaves while the crop is still .growing 
green in the fields. Afterwards you may liavc^ notic(*d 
these worms in the green tubers which have - bf*Gome, 
through accident, exposed to view, but if you look care- 
fully you will never find the worms in the tubers which 
are well covered up with soil ; and the reason for this 
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is that the worm hatches out from the egg of a small 
moth in the same way that a chicken hatches out from 
a hen’s egg, and, as the moth does not go below the soil 
it cannot lay eggs on the tubers which are under the 
ground. 

Cultivators are in the habit of mixing all the tubers 
together at harvest time and this worm spreads from 
the green tubers to the sound tubers and soon a large 
number ol tubers become infested witli “ worms.” 

In a bad year this “worm ” will destroy more than 
a half of the whole produce ; a good crop is 400 maunds 
of ‘25 lbs. each, per acre, worth at least Bs. dOO at the 
moderate price of 12 annas a maund ; therefore the 
cultivator loses Es. 175 per acre. 

The Agricultural Department have discovered means 
of preventing this worm from doing damage, to the 
tubers and good cultivators should adopt the following 

measures; — • ' 

. ( 

(1) Sow the potato seed deep. 

(2) At weeding time cover up all exposed tubers. 

(d) Heap up the soil in ridges along the potato rows. 

(4) Idle p(.)talyoes as soon as they are dug up sliould 
be carried away at once to the godowns and never left 
e/en for a short time exposed on tlie field. 

(5) Always store the gunny bags in a well ventilat- 
ed room and turn the potatoes out of these bags at least 
once a month, when any potatoes which may have 
become -diseased should be removed and the sound ones 
returned to the bags which should at once be tied up. 
Only open one or two bags at a time in case any worm 
in one bag should find its way into another bag. A gunny 
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bag holds 1‘20 lbs. and costs only 4 annas and thoret'orn 
gnnny hags to hold the produce of one acre will cost 
Us. 120 and these will remain in use for sevcu’al years. 

(6) Never put fresh tubers which havc^ remaiiusl 
exposed in the field in the same ])ag as the sound ])ota- 
toes as the worm will come out of the green potatoes 
and enter the sound ones.” 

Though th(^ trials with English potatoes have shown 
crops ranging fi om 20,000 to .4.4,000 lbs. pm- acre, on small 
trial plots, as they were not proof against insect pests 
and rot, the D(ipartment luis been wise to postpones their 
distribution among the surrounding farmers. 

That the Indian raiyat can produce a fair crop of 
potatoes with the means at his disposal there is no 
doubt. If he knew more about tlie value of phosphoric 
acid and potash and tlie use of concentrated nitrogenous 
fertilizeis, he would probably not endanger the crops 
by overdoses of nitrogenous nnvuires that are often the 
rause of rot and probably are conducive to ring dis(uise. 

It is not th(^ healthy potato that attracts the worm 
but such as have been grown with the aid of ill-balanc(ui 
fertilizej's. 

In Ci’op Ivxperiments, J:5ornbav Presidency, 
181)0-bl, we find that at Fvhed (Poona District) on 
good, deep, 1)1 ack, garden soil, growing during the four 
preceding years bajri as kharif and potatoes as cold 
weather crops, an acre ii-rigated frojii a well and manur- 
ed with 22 cartloads of cowdung, etc., produced J0,bl0 
lb. of tubers, of which 6,020 lb. were; firsts, 2,800 lb. 
seconds, and 1,220 lb. thirds, and tliis was only an eight 
anna crop: so that 10 tons of potatoes p^r acre is not 
an unknown crop in the country. 



The question of uianuring is all important in treat- 
ing of crops in India. Cultivation is well understood, 
but additions of artificial fertilizers and the replacement 
of farmyard manure by them is not sufficiently well 
known. 


Now, in all practical fanning, experience is general- 
ly the most reliable guide, and the successful farmer is 
<m(‘ who profits by experience not only results oh the 
home farm, but tlie experiments made else'vhere. We 
all want experience, but life is too short for each farmer 
to cover ail the problems of the soil, and he must use 
more or less tlie knowledge gained by others. It is 
advisable to adapt, what others have learnt, to your own 
circumstances. This can only be done by repeated 
experiments. Such work is useful even if sometimes 
We do not succeed. The record and observation of 
what has been done will always be of value. It will be 
known what has been tried and what has failed, and so 
need not be tried again ; also what has succeeded and 
may possibly succeed under other circumstances. 


The astonishing results obtained by the use of a 
few liundred weights of artificial fertilizers added to a 
moderate amount of cattle manure will not be easily 
believed by natives of India, b’ortunately the experi- 
mentei's and the reporters of these experiments arealike 
well known people, and some of the names are those of 
noted soientists in Agriculture. Once the Indian raiyat 
understands what profits can be obtained from an acre 
lie will certainly take to the new fertilizers. Wherever 
experiments are undertaken we find the same good 
results, and there is^ little to wonder at. Everywhere 
the unmanured plots are tons below the manured 
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plots in the harvest, and an average of 10 tons cattle 
dung together with a few cwt. of artificial fertilizers 
gives a splendid and profitable result. 

Keferring to WoHT's tables we find that in 1,000 
parts of air-dried substance of the plant there are : — 


Nitrogen 


d 4 per 

cent. 

Phosphoric 

Acid 

1() ,, 

» 1 

Potash 


... 5 s 

n 

and that of the 

ashes, viz.. 

the mineral portion 

taken 


from tlie soil, 

lO’O p(u; ctinf. is phosphoric acid and 

00 0 ,, ,, ,, potash. 

The amounts of plant-toods taken from the soil by 
one acre of potatoes, yielding *i00 bushels are : — 

Nitrogen ... 3() lbs. 

Phosphoric Acid ... Id 

Potash , * * ... 00 ,, 

and .Professor Macrcker demands for a full crop a manun; 
containing : — 

Nitrogen ... 00 lbs. 

Phosphoric Acid ... ‘M ,, 

Potash ... SO ,, 

The reason why such large quantities are required 
compared witli those taken up by the (u’op is simple. 
All the plant-food is not available for the first c.rop and 
much of the nitrogen is lost in drainage. He recom- 
mends 5 to 5;} tons of the best farmyard manure 
supplemented by commercial fertilizers. The experi- 
ments have been most carefully carried out, and com- 
parisons made between manures used singly or in 



incomplete groups, and others that formed a complete 
fertilizer, and the latter were again tried in varying 
quantities and proportions, till an almost perfectly com- 
plete and well-balanced manure has been obtained. 
With l•eference to the price of commercial fertilizers 
used principally for their potash and phosphoric acid, it 
must be borne in mind that a fair residue is left in the 
soil for a subsecjuent crop, sometimes for two or more. 
Of various experiments with incomplete fertilizers, thos(' 
of Dr. Aitkin, recorded in the Highland Society’s 
Transactions 18M7, are decidedly interesting: — 


A com])lete manure gavt^ ... 
One without Phosphoric 
Acid 

One without Nitrogen 
One without Potash 


7 tons H cwt. 

4 „ ' J9 „ 

4 „ \) „ 

^4 „ 1 „ 


Those of IVr. Lelfenry of Ferre are quite telling : - 


1. 

Unman ured ..* « 

4 tons 5^- 

2. 

Manured with farmyard manure 5 

0 

3. 

Tlie above and 480 lbs. Basic 




Slag ... 

10 

... lU 

4. 

Miinured as in plots 2 A 3 & 




80 lbs. Nitrate of 8oda 

11 

181 

5. 

Manured as in plots 2, 3 A 4 




A’ 1()0 lbs. Sulphate of 

t 

Potash per acre 

1-2 

17 


Mi*; T. C..Ruwoldt, of Mount Gambia, used 1 cwt. 
of bone dust as a manure for wheat, and the resulting 
crop of potatoes so)vn after, was (> tons. With 5 cwt. 
of bone dust the crop was 8 tons. 
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The following experiment with various fertilizers 
is worth attention, ft was a test plot, that is an even 
level tract of land was divided into six ei|ual plots, and 
treated witii fertilizers, the cultivation, being the sanie 
on all plots. 

Total Marketable 

yield. tubers. 

riot 1. No Manure ... 17 cwt. 10.] cwt. 

,, ' 2 . Ammonia, Potash 

and Phosphoric 

Acid 1 ton ().£ ,, 1 ton IJ ,, 

,, 8. Ammonia and 

Phosplioric Acid 1 ,, i2 ,, 0 ,,17] ,, 

Plot I shows what tlui unlVrtilizt'd soil will produce; 
plot 8 what nitrogen and phosphoric acid did towards 
inci’easing the crop, and plot 2 shows what potash, 
when add<Ml to tlu^ fertilizer used on j)lot 8, and 
thus completing 't, did towards increasing the yield. 
Without pi)tasli'tho Fertilizer increas(Hl the crop oF 
marketable potatoi^s cwt., hut hy adding potash the 
crop was increased to 121 cwt. »ovcr th(‘ yiidd oF the 
unmanui’ed soil. Without fertilizers only (>1 pen* cent, 
were marketable, with incomplete) fertilizers 80 per 
cent, were marketable, but, by adding potash, <S7 
per cent, w^ere marketable, and at the same time the 
crop was increased. 

The season was very unfavourable through drought 
and the crop a failure, as can be seen from the low yield 
of potatoes. Upon harvesting, the land was broken and 
sown to turnips, without additional fertilizers. The 
following are the results : — 



574 



rn i. 1 Marketable 

i 

1 Total crop. 1 , 

1 ^ ; turnips. 

Plot 1. No Manure 

■ 1 ton OJ cwt. 0 tons I'i cwt. 

,, 2. Ammonia, Potash 


and Phosphoric 


Acid 

3 „ 4 „ 

,, 3. Ammonia, and j 


Phosphoric Acid. 

i 

2 „ 14J „ 2 „ ‘2^ „ 


The unfertilized sail, plot I, produced but 7^ cwt. 
of marketable roots, while plot ♦S with an incomplete 
manure, gave ‘2 tons 2jcvvt. ISy adding potash this was 
increased to H tons 4 cwt. Without a fertilizer, only S? 
per cent, were marketable : with an incomplete manure, 
plot 8, 78 per cent, were marketable ; by adding potash 
92 per cent, were marketable, and at the same time 
nearly eight times the marketable crop was made. It 
must be reineuibered also that for both crops there was 

f 

only one application of manure used. . 

The fertilizer supplied per acre was as follows : — 
On plot 3 (300 lbs. superphosphate and 180 lbs. nitrate 
of soda. Plot 2 received the same application, and 
besides 120 lbs. muriate of ])otash in addition.* Note the 
gain due to the addition of 120 lbs. of niurintc of potash. 
This fertilizer is about the same as a commercial ferti- 
lizer testing : — 

3 per cent. Nitrogen 

8 „ „ available phosphoric acid and 

() ,, ,, Potash. 

The Cupar and North of Fife Agricultural Associa- 
tion Society (Limited) had a very interesting competi- 
tion in the growing of potatoes, the Stassfurt Potash 
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Syndicate having given pi'izes for the best three acres 
of potatoes grown with the aid of potash in any form, 
half an acre to be grown alongside the plot without 
potash. The Judges — Messrs. John [jawson, Falkland 
Wood, and John L. J^rown, potato merchant, Cupar, 
issued their report. The prize winners were 

1st — Alexander Orchison Torr, of Moonzie. 


Tons. 

Cwts. 

Qrs. 

15 

7 

1 Mainciop, vvarci. 


17 

d ,, seconds. 


11 

8 refuse. 

1(5 

L() 

8 

•2nd — William Watt, Middlefield, (lupar. 

Tons. 

C’wt. 

(^rs. 

14 

7 

1 Up-to-date ware. 


LS 

2 ,, seconds. 


15 

.s ,, refuse. 

Hi 

1 

0 

;h*d Prize. - 

-K. K. 

Fdie. Gornceres. 

Tons. 

Gwt. 

Qrs. 

14. 

1(3 

2 Good Hope ware. 


12 

1 ,, ,, seconds. 


(3 

0 „ „ refuse. 

15 

14 

8 

4th Prize. - 

~D. M. 

Kerracher, Mayfield, Geres 

Tons. 

Cwt. 

Qrs. 

12 

4 

0 Glorys, ware. 

1 

10 

8 „ seconds. 

1 

1 

2 „ refuse. 







Total 14 


1(3 


1 
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The judges add the following report: — “In valuing 
Clops we value inaincrops 10 sh. per ton more than 
other kinds. All over the experiment has been a great 
success, (hi (?xaiiiining the various crops put forward 
for competition we found that those crops where potash 
had been applied shov/ed a great improvement in quality 
and (juantity in contrast with tlie crops where this 
agency was not ap]>lied. Nevertheless, the increase 
varied a great deal. For instance the highest and 
lowest increases wer(^ 5‘2 per cent, and K per cent, 
respectively. The average increase all over was 1(5 
per cent. In those crops whore potash was not applied, 
second growth was very evident, and seed was more 
plentiful than the crops on which the ])otash was applied. 
In some cas(‘s on liigli conditioned land, the increase 
was not striking, l)ut on less conditioned land the 
increase of marketable potatoes was especially notice- 
aide. The good results accruing from the application of 
potash more, than compmisates for, any outlays. 

Liesult obtained in 1008 on Sandy Loam, in fair 
condition by James M. Scott, Ksip, Crookes, Newent, 
CHoucestershire ; — 


Manure applied per Weight of Potatoes per acre, 
acre. ‘ 

() Cwt. Basic Slag \ 

Parmyard iNIanurc 

' 0 tons. 

Cwt. Sulphate of Potash ... | 

l| (Jwt, Nitrate of Soda ... * 

Farmyard Manure ) 

i.l Cwt. Sulphate of Potash " 4 tons. 

14 Cwt. Nitrate of Soda ... i 

Increase due to the complete], 

manure , ... ^ 
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Value of increase at 70.9, per ton... £'^ 10s. Od. per acre. 
Cost of 0 cwb. Basic Slag (80 — 85 

per cent). ... £0 15s. OcL ,, 

Profit by completing the manure... £'‘2 10s. Od. ,, ,, 

Basic Slag applied on 11th April. Potatoes dug 
middle of August. 

Kesult obtained in 1903, on rather Light Sandy 
Soil in good condition, by David Hulme, Ksqr.— llulme, 
Walfield Hall, Cogleton, Cheshire. 

Manures applieTl per Weight of Potatoes per 

acre. 

0 Cwt. Basic Slag ...I 

5 Cwt. Kainit ..." 

1^ Cwt. Nitrate of Soda ... J 

5 (Avt. of Kainit ..., 

1] Cwt. Nitrate of Soda ...' 

Increase due to Basic Slag ... | 

fi 

Value of increase at 53.s*. 4d.) 
per ton > 

Price, of l^asic Slag [ 

Profit- due to Basic Slag or rather , 
to complete manuring * ‘ 

Basic Slag applied on ‘25th April, Potatoes dug on 
20th October, 

In 1902 Mr. E. B. Pennington, of Kennedyville, 
Maryland, made an experiment in fertilizing potatoes. 
His soil is a fair sandy loam, with red clay sub-soil. 
He selected a portion of the field which was uniform 
in productiveness, and divided it into three plots of 
one-third of an acre each. Plot 1 'deceived no fertilizer, 

37 


acre. 

9 tons 17 cwt. 
5() lbs. 

S tons 2 cwt. 
90 lbs. 

1 ton 11 cwt. 
72 lbs. 

.^^4 I2s. U. 
per acre. 

^^0 15.S. OcZ. 
per acre. 

£8 17.9. 5r7. 
per acre. 
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plot *2 received, per acre, 120 lbs. sulphate of potash, 
100 lbs. superphosphate and 180 lbs. nitrate of soda. 
Plot 3 received the same amount of superphosphate and 
Nitrate of Soda as plot 2 but no potash. 

Plot 1. No manure 1 ton 2 cv;t. 

,, 2. Complete manure 8 ,, 171 ,, 

,, 3. Incomph'tc manure 

without potash 3 ,, 3^^ ,, 

One ton 2 cwt. was the yield of the soil not manured, 
and therefore th(‘ gain from fertilizers is as follows: — 

Tons cwt. 

Pertilized without Potash 2 I J 

Pertilized with „ 2 151 

Th(^ complete fertilizer produced 111 cwt. of pota- 
toes extra. Mr. Pennington reports that the potatoes 
on fertilized plots were markedly of better fpiality than 
those of the unmanurod plot. The manure used was 
not excessive. Many of the most successful growei's on 
Long Island, New York, use a ton and over per acre. 

From the results it is clear that the profit made 
W'as due to the manures, and tin* greatest profit was 
from plot 2, with 120 ll)s. of Sulphate of Potasli in a 
complete manure. « 

Professor 8chiieidewind of Halle in his “ Potash 
manuring on good soils,” writing of the needs of the 
Potato says: “Of all cultivated plants the potato stands 
im>st in need of potash. As a typical potash plant it 
requii'es great quantities of this manui’c^ yet assimilates 
the potash of the soil w'orse even than the turnip.” 
Potatoes are often raised with mineral fertilizers, with 
green manures after red clover and lucerne stubble, aud 
with cattle manure. * Should the cattle manure not be 
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a])undant and if it be poor in potash, enough potash 
will not be placed in the soil to produce the highest 
return. Most int(u’csting experiments were carried out 
by Schneidewind at Lauchstadt since 1890. On the one 
hand cattle manure was always used as the fertilizer, on 
another plot farmyard manure was never used. On 
these plots potash manuring was tried i‘Vi‘ry year, so 
tliat its action with stable manure and without it could 
be determined. From the plots on which ])otatocs were 
cultivated from 1800-I00d without farmyard manure, 
bett(H’ results were obtained: on an average 172 tons 
tubers and 1‘'274 tons starch. This increas(^ was obtain- 
ed by the use of b cwt. of JO per cent, potash salts, or 
similar (|uantities of potash in the form of kainit. De- 
ducting tlui expenditure on potash, viz. Ks. (h a net 
extra profit remairKMl, per acre, of (is. 49. We see from 
this that it would be a great mistake w(M’e we not to add 
potash to tlie soils wlier(‘ potatoes are grown without 
potash manure. The potato requires very large (pianti- 
ties of potasli for its nourisliment, which even good soil, 
rich ill potash, cannot place at its disposal. On good 
soils ]}otatocs are oftc.ui tiaaited with green manur(.‘S, and 
tlie (piestion arises whether it is necessary in this casi* 
to use the ’ Stassfui’t ])otasli salts. .With the addition 
of pota.sh, as we liav(‘ seen in the experiments noted 
abt)ve, the potato harvest was increased to an extra- 
ordinary degree, showing the great advantagr; gained 
by tlie jiddition of potasli to the green manure. 
Especially where cattle manure is not in abiuidance, 
the eh'ect ( f manuring with potash is patent, wlnui 
added to the green manure ploughed in. But In^, sides 
the potash, in case.s of green manuring, the land requir<^s 
an addition of phosphoric acid and of some nitrogen. 



580 


You can distinguish potatoes grown where not much 
potash was placed at their disposal, by the very dark, 
nearly bottle green leaves, that are at the same time 
smaller than tliose of plants well supplied with potash. 
PotatO(iS treated with plenty of potash and a sufficiency 
of nitrogen were noted for the light green colour of 
tlieir leaves and their larger size. To increase the 
amount of potash available for plant-food by larger 
amounts of farmyard manure is to waste the costly 
nitrogen contained in it by adding to the soil more than 
the potato harvest requires. A little stable manure can 
be added to the green manuring but very much is never 
advisable. We learn also from these experiments that 
when catth^ manure is used that is not rich in food 
stuffs, and especially dung from whicli the urine has 
drained away, potash salts can be used with e\c-'dlent re- 
S'ults,even on good soils containingafair amount of potash 
as shown hy analysis. Potash will not he nt cessary as 
an addition to the manure if Ih to M tons of good cattle 
manure are used, in which the urine has been retained : 
but with poonu; dung, containing plenty of straw and 
little of the urin(‘ of cattle, it is always advisable to add 
potash salts. 

The (luautity of artificial manures used upon pota- 
t<'es in Scotland often runs to 15 and 18 cwt. per acre. 

In the report of the Department of Land Records 
and Agiviculture, Assam, for the year ending dOth June, 
1905, mustard cake at the rate of 20 maunds per acre, 
produced a crop of 213 maunds, 13 seers. 

From the Report of the Cawnpore Farm, and other 
Experiment Station^ in the United Provinces, for the 
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yoar ending June 80th, 1903, we find the heaviest 
average of the crops of seven years amounting to 
6 tons, 0 cwt., 2 qrs., 20 lbs. 
from the use of cowdung at 200 lbs., nitrogen per acre, 
which is equivalent at Dr. Leather’s analysis of 0*8 
per cent, of nitrogen to a])()ut 29i tons of cowdung, 
an amount of manure absolutely unattainable by tlu^ 
majority of farmers. Here we see what has been 
established in most potato growing countries that stable 
manure in large quantities do(‘s not give near such 
good results as a much smaller quantity of well-rotted 
farmyard manuie to which is added a small quantity ot 
artificial fertilizers supplying the nect'ssary phosphoric 
acid and potash in a form which places the plant-food 
immediately at the disposition of the tubers. 

Again on the same Farm the use of about 4 tons of 
castor cake per acre returned a remarkably poor harvest, 
during 7 years, showing only too clearly the necessity 
of employing a ccmplete fertilizer. 

Wilfarth showed that when the supply of nitrogen 
is insufiicient the leaves tend to turn yellow, and that, 
if the available supply of potash is deficient heavy appli- 
cations ot nitrogen tend to reduce ,tiie percentage of 
tubers and starch. Lawes and Gilbert show that 
nitrogen stimulates the production of starch, provided 
the mineral constituents are not deficient ; but in large 
quantities nitrogenous fertilizers slimuhited luxuriant 
gwwth, delay ed maturation, and produced potatoes richer 
in nitrogen and much more liable to disease^ a point that 
should be remembered in all experiments. 

-At the Ehode Island Experiment St^^tion dried 
blood ranked first of the nitrogenous fertilizers applied, 
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followed by nitrate of soda and sulphate of ammonia;' 
but on soils said to be extnnnely acrid, dried blood was 
only about half as beneficial as it should be ; hence such 
soils need liming before full benefit can be derived from 
tht‘, use of this fertilizer. A mixture of two-thirds dried 
blood and one-third nitrate of soda, or of equal parts of 
all three fertilizers, is suggested. At the Tennessee 
h^.xp(U'ijnent Station cottonseed-meal was found to be a 
more profitable source of nitrogen than nitrate of soda, 
while at tlie Florida Station the nitrogen of cotton seed- 
meal and castor poonac were ecpially effective, but that 
of nitratii of soda was more so by dO per cent. 

Wilfarthand Wimmer show that, when potassichu'ti- 
lizers are applied to soils almost destitute in Potash, tliey 

1. Increase the size of the tuber, but have little 
influonc(' upon its composition, and that the amount of 
potash in tubers remains fairly constant, uninfluenced 
by the amounts in the soil or applied, unless very heavy 
applications are made, which may cause an increase to a 
certain point, but will be attended by a decline if con- 
tinued. 

2. Decrease the percentage of stems and leaves, 
hut have no marked influence on the roots of potatoes. 

d. Have a marked influence on the shape and 
appearance of the leaf ; if deficient, the leaves are yellow- 
ish-brown in colour, and become spotted and striped 
in the portions between the veins, while the petiole of 
the leaf and the ribs retain their dark green colour. If 
the supply of potash is insufficient the leaves tend to 
curl, and sometimes collapse of the plant follows. 

4. Increase the (juantity of water transpired per 
gramme of dry matter. 



Hecke shows that the application of potassic ferti- 
lizers has a marked influence in the production of tubers 
and roots, and that potash assists in the formation of 
starch. Lawcs and Gilbert noted that tlie percentage 
of potash was relatively high when the supply of it was 
relatively liberal and vice versa, but the variations were 
small, and that, where there was a deficiency of potash 
in the supply and in the ash, there was genei’ally an 
increased supply of lime in the ash. 

Dr. J. J. Willis in his “ Value of Potash to Farmers” 
as indicated by the Rothamsted KxperiuKmts, writes : — 

“ In the case of the potato the carbohydrate 
produced is starch. Potato tubers are ri'ckoned to 
contain, on an average, more than 20 per cent, of starch* 
and upon the amount of starch in the potato depends its 
nutritive value and cooking propi'rties for domestic use. 

The following table shows the result obtained at 
Rothamsted with pc^tatoes wlien grown without manure 
and with various ^artificial fertilizers. The figures quoted 
are the results of the average for ten years in succtission 
on the same land, 1876-J8H5. 

Experiments with p(jtatocs at Rothamsted. 
Amount of stai’ch in the tubers per jicre. 



Starch per 

Inci’ease 


acre. 

ov(‘i' the 



I'n- 



manui’ed. 

Plots. 

lbs. 

lbs. 

I. Without Manure 

1,120 


‘2. Phosphate of Potash 

... • 1,088 

868 

8. Ammonia Salts alone 

1,1(30 

49 

4. Nitrate of Soda alone 

1,8(52 

242 



5B4 


Starch per Increase 



acre. 

over the 

Un- 

manured. 

Plots. 

lbs. 

lbs. 

5. Ammonia Salts with 

Phosphate and Potash 

... 3,430 

•2,310 

6. Nitrate of Soda witli 

Phosphate and Potash 

3,868 

2,-248 


It seems that the quantity of starch in the potato 
tubers is considerably increased by the application of 
Phosphate of Potash, amounting on plot 2, to 808 lbs. 
per acre. The increased amount of starch over that 
without manure, obtained by nitrogenous manure alone, 
is very small — only 49 lbs., when as Ammonia Balts on 
plot d, and 242 lbs. per acre when as Nitrate of Soda on 
plot 4. But when Nitrogen, Phosphate and Potash are 
employed together, the increased amount of starch pro- 
duced is more than one ton per ac're— 2,316 lb. on plot 5, 
with Ammonia Salts, and 2,248 lbs. with Nitrate of Soda. 
When Phosphates and l^otash are added to the Ammonia 
Salts, or Nitrate of Soda, there is for one of Nitrogen 
supplied in manure, over 26 parts increased produce of 
starch reckoned over the yield of tubers without manure. 

Here, then, in the Potato, we have a great increase 
in the production of the carbohydrate starch, by the 
use of Potash in manure, just as in the mangel crop we 
have a considerable increase of the carbohydrate sugar, 
by the use of Potash Salts. 

As, thus, the root crops are essentially sugar yield- 
ing crops and their feeding value depends upon the 
proportion of this constituent, so the potato is essen- 
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tially a starch-yielding crop, and its cooking and feeding 
value depend to a very large extent upon the percentage 
in the tubers. And it is seen that, provided a liberal 
supply of potash is available in the soil, the produce ol* 
both sugar and starch is considerably increased by tin* 
amount of Nitrogen taken up, th(‘. ingredient Potash, 
acting as a carrier of Nitric Acid from the soil to tlie plant. 

Which is the l)etter source of Potash V 

Sulphate or Muriate of Potash? 

This question is still unsettled, bc^cause apart from 
other considerations, one of the deciding factors is tin' 
cost of each. In many cases the results are inconclusive, 
while in some cases the fertilizers appear to b(i of equal 
value. In others Sulphate of Potash gave better results ; 
thus P)avidson of Virginia, found that the potatoes grown 
by Sulphate of Potash contained more dry matter but a 
less percentage of starch than those fertilized by Muriate 
of Potash. Brookes found that Sulphate of Potash gave 
a better yield per ncre of merchantable tubers, which 
were of larger size and superior eating quality, containing 
from ‘2 to 3 per cent, more starch, and, when cooked the 
potatoes were whiter, of bett(‘r flavour, and more mealy. 

The disadvantage of Muriate of Potash seems to bi' 
due to the fact that it is a chloride, and Sjollema and 
Pfeiffer have shown that the clilorides of Potassium, 
Sodium (Common Salt) and Magnesium, when added to 
the Sulphate of Potasli, diminished the starch content 
of the potatoes considerably, and the reduction wa.s 
greatest in varieties rich in starch. Idiis would seem to 
support the common idea that Sulphate of Potash pro- 
duces a better (piality of potat(x*s than Muriate of i^otash. 
Wheeler of Rhode Island shows thilt (’alcium Chloride 
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had a marked poisonous effect; on potatoes and nearly 
destroyed them, while the same amount of Calcium in 
certain forms other than the chloride or sulphate, in- 
cr(‘ased the yield and vigour of the plants. New 
varieties, and those making a heavy growth of haulm, 
seem to be particularly sensitive to chlorides. 

Yet the German Agricultural Society, judging from 
their experiments with potatoes, consider kainit, which 
contains a great deal of common salt, as the best potassic 
fertilizer for potatoes. 

Tnflukn(ji<: of Phosphorio Aoid. 

Lack of Phosphoric Ac d is accompanied by dark 
gro(m leaves. While Phosphoric Acid aids starch for- 
mation, it is often regarded as of less importance than 
I’otash. The results obtained at the Ohio Station show 
that Phosplioric Acid is the most essential fertilizer for 
their conditions, some Potash, and, in some cases, Nitro- 
gen being also re(|uired. The same was true at Briarclilf 
Manor, New York, where 100 lbs! available Phosphoric 
Acid per acre equal to (300 lbs. Acid Phosphate, 1(3 to 17 
per cent, available, gave profitable returns. An e.xcessive 
application of available Phosphoric Acid has a marked 
elfect upon the foliage causing it to be .small, dark, 
wrinkled green afid apparently stunted in development 
with conse(]ueiitly early maturity. In some cises the 
period of growth is reduced six or eight weeks, and con- 
sequently the yield is low, but owing to the potatoes 
being inature, the quality is generally good. In certain 
localities, for ('arly potatoes, where it is desirable to hasten 
maturity, the use of fair quantities of Superphosphates, 
with a limited supply of Potash and Nitrogen and no 
barn manure, is found to be good practice. The Nitrogen 
may be supplied in an available form as Nitrate of Soda 



since nitiiticatioii may not be active in the soil during 
the early period of growth. 

Early potatoes require the ({uickest possihU^ acting 
manure as tlie time troin sowing to maturing is short. 
Peruguano is better than dung in this case, for the latter 
is slow in decomposing and placing the food at tlie dis- 
position of the tubers. Hut while tlie beet proiei's Salt- 
petre the potato thrives better on Sulphates of Ammonia- 

For lat(' potatoes manuring with dung is good practice 
In cases where, owing to an insullicieiKiV of linui, theni 
is nothing to mmtralise surtlciently iron com’hinations 
in the soil, marling is necessary to avoid the brown 
]>atehes that show a want of starch within the p)tato. 

INFLUKNCH of (.-AriOIUM. 

Calcium does not appear to hi‘, so important, 
although in some cases it produces a marked inci’iaise in 
yield. If applied in a form that has an alkaline action 
upon the soil — as, Cj^rhonate of Lime, or quicklime, it 
may have an injurious elTect by ])roducing conditions 
which aid the development of scab. 

H.vjiN OR Farmyard Maxuhks. 

Applying J3xrn or Farmyard manures is commonly 
practised for potatoes with profitable results. Lawes 
and Gilbert showed that only a small portion of the 
nitrogen of farmyard manures is taken up by the crops : 
thus, with an annual manuring of JoJ tons piu; acre, 
containing ‘200 lbs. nitrogen, continued for 12 yr^ars, but 
8*8 per cent, was recovered in the crop. “ These results 
seem to indicate that this crop is able to avail itself of a 
less proportion of the nitrogen of the manure than any 
other farm crop. Yet, in ordinary practice, farmyard 
manure is not only largely relied upon for potatoes, but is 
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often applied in larger quantities than for any other 
crop.” 

Taft of Michigan found that twenty-four loads of 
manure per acre gave the largest yield, while at the 
Wisconsin Kxperiinental Station twenty loads per acre 
wore applied, and larger quantities in Great Britain. 

It seems natural to assume that the beneficial effects 
of manure must largely be due to other causes than the 
addition of plant-food only. Among these may be its 
inflaence on the physical properties of the soil, rendering 
it more retentive of moisture, more porous and more 
permeable foi* air and roots, and a better home for the 
useful soil bacteria, which, in fact, it may supply. The 
decomposition of such quantities of organic matter, with 
the conseciuent liberation of carbon dioxide, aids in 
rendering the mineral resources of the soil more available. 
Generally speaking, it is more economical to apply about 
ten tons of manure per acre and supplement it with 
fertilizers, except upon loose, open spils of poor texture 
where the beneficial effect from the larger amount should 
probably be ascribed to its influence upon the retention 
of moisture, ft is preferable that the manure be rotted 
somewhat and applied some time before, while the fertili- 
zers may be applied when planting. On some soils, to 
reduce the danger of disease, it may be advisable to apply 
all the farmyard manure to the previous crop. 

The application of fertilizers is profitable under 
most conditions in the Kastern and North Central States 
of the United States of America. 

In Long Island a mixture containing : — 

4 per cent. Nitrogen 

8 ,, . available Phosphoric Acid and 
10 „ ,, Potash, 
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has proved satisfactory. It is used in amounts varying 
from 500 lbs. to 2,000 lbs. per acre, and in many cases 
more potash is applied than is profitable. The use of 
1,000 lbs. of this fertilizer has given the greatest profit. 
Where 1,500 lbs. or 2,000 lbs. were used the cost of the 
fertilizer was more than the market value of the in- 
creased yield of potatoes. The fertilizers should he 
complete without being wasteful in quantity.. 

100 lbs. Sulphate of Ammonia 

100 „ Superphosphate (1*6 to 17 per cent, available) 
and 200 ,, Sulphate of Potash, with 
8 to 10 tons of partially rotted farniyai'd nianu'/e pei- 
acre will be found a W(dl-balanced complehi manure and 
the r(*sulting crop will pay well. 

The results obtained in a very carefully conducted 
experiment in the manuring of potatoes aw, illustrated, 
and the well recognised value of a complete commer- 
cial manure for th(; potato crop is clearly demonstrated, 
as is also the great^ hVss •resulting from llu‘ omission of 
the most essential constituent, viz., Potash, from such 
a manure, by Mr. Holmes, of Saltwarpe, Droitwick, 
Worcester, England, in 1002. 

Wliei’e.no manure was used the crop amounted to 
only 1 tons 2 cwt. per acre, and wl/ei’e the (complete 
manureconsisting of 1 cwt. of Sulphate of Potash, 2 cwt. 
Nitrate of Soda, and 4 cwt. of ]5a.sic Slag was us(ul, the 
yield was 12 tons (3.^ cwt. 

In tlie absence of farmyard manure, it can with 
advantage be wholly replaced by artificial manures, 2 cwt. 
of Basic Slag per acre is recommended, and, in addition, 
Potash 2 cwt. and Nitrogenous manures,such as Saltpetre, 
4 cwt. according to the nature and condition of the soil. 
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The following results on potatoes, obtained in 1899 
on gravelly loam, by Mr. 1101180 Orlebat, at Poddington, 
Bedfordshire, show, 

(a) 7.''he effects of an incomplete fertilizer without 
farmyard manure. 


ib) The results from a complete artificial fertilizer 
also witliout farmyard manure. 
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A com[)arison of tlie yield and protii of plot ‘2 (to 
which no phosphoric manure was applied) with tht‘ 
yi(dd and profit of plot d (which received 5 cwt. of Basic 
Slag ])er acre) shows that the phosphoric acid in the 
comidete manuia* effected an increase of tons of 
potatoes and a profit of 19s. :^d. per aoi'e. 

'This is confirmed by the Eeport from Georgia 
State Station, Bulletin Xo. 8, »]uly, 1890: — 

“ The results seem to warrant the conclusion that a 
fertilizer containing all the food elements in the same 
proportion and in available form, as a good stable 
manure, gives the largest increase, and that incomplete 
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fertilizers, wliilo they show a gain ovol- tlie unfertilized 
plots, are not remunerative. A (juick-growing crop like 
the patato, which lias only a short time in which to 
mature, cannot be grown successfully unless a bountiful 
supply of all the elements of plant-food is provided.: that 
is the greatest yield is obtained where the soil contains 
an excess of all the elemenis of plant-food in available 
form over and above the requirements of the plant.” 

Professor Wright in his report on tlie Manuring of 
Potatoes, in 1889, says: — “Ten tons farmyard niaiiure 
with suitable commercials are better than more farm- 
yard manure alone.” 

On trial plots in pi or gravelly soil in tlu‘ \orlh 
Arcot District (Madras) wlu're ])()tat()es, as a riiltsaiai not 
gi’own, a veiy successful crop has Ikhui cultivated with 

10 tons cattle manure 
5 cwt. ground nut or castor cake 
1 cwt. bone meal and 
1.] owt. Muriatic of Potash. 

Thus w(5 se(^ that a small expenditure on complete 
artificial or commercial manuia's invariably brings a 
good return for potatotxs, and helps, to a coiisidoiahli* 
d(}gree, the succeeding crops. Little more n(.*ed said 
in favour of these f(*rtilizers, new to India. Indian 
farmers, who are wise enough to proht by tlu; (*x])eri(Mic(‘ 
(d‘ others will make experiments on a small scale, and, 
when successful, increase their income considerably by 
adding the newest experience of th<' West to tfii* oM- 
world traditions of the East. 

It is astonishing how small the acreage is under 
this crop in India when we compare the feeding power 
of the potato with that of wheat* and barley. The 
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average out-turn of potatoes is about 50 maunds per 
bigha. With an allowance of one seer per adult per day 
(supplemented with a handful of rice) a bigha is capable 
of supplying food for 2,000 adults per day. The average 
yield of wlieat or barley is about 5 maunds or 200 seers 
c7f grain. Allowing the same quantity per day per 
adult, a bigha of barley will therefore yield food for *200 
adults or one-tentli of that produced by the potato. 

The probable cause is the danger of blight and rot, 
and the diiliculty of keeping seed over for the next 
sowing season. But this should not be insuperable. 
Careful cultivation with tlie best manures and fertilizers 
available ought to prevent much of this and lead to the 
covering of a great deal more' of garden land with this 
excellent paying crop. 

What an ordinary crop of potatoes ought to be is 
shown in “ Crop Kxpe.rinient^ ” — 1888-89, page 12, 
where Mr. Lucas, the Assistant Collector, Poona, 
writ('s: — “ l\jtato is an important staple of the Khed 
Taluka, the area under the crop being 7,000 acres tliis 
year. The produce is all sent to the Poona market for 
sale. According to the Taluks formulas, the rate of 
seed is 1,000 lbs. per acre, and the 14 anna crop is 
estimated to yield J 0,800 lbs. or an out-turn equal to 
i.i)-fold of Die seed sown. 

In the Poona Farm lieport, 1884, page 19, we 
find The potatoes imported during the year were 
grown with the assistance of artificial manure only, with 
the result that the produce was absolutely free from 
disease.” Here, very probably, there was not an excess 
of costly nitrogen, so common on Government Farms, 
where an immense amount of cattle manure is at the 
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disposal of the Superintendent, and only confirms the 
statement that an over-supply of farmyard manure is 
hurtful. It is confirmed by the experiments on the 
Dharwar Farm iu 1008-00 in the trial with fresh 
Italian potatoes where a harvest of 18,000 lbs. of tubers 
was obtained, valued at Rs. 474, and on another plot 
the return was Rs. 545. 

Annual Report of the Experimental Work of the 
Dharwar Agricultural Station, 1008-1000 : — 

Potatoes, Potatoes at Belgaum. 

With the object of ascertaining whether artificial 
fertilizers can be economically used as a supplement to, 
or a substitute for, farmyard manure tlie following 
experiment was conducted: — 


CROP. 

M NNUllK. 

1 

Kii^d. 

Quail ti- 
1 ty per 
* aero. 

Seed 

Rate 

l>yr 

aero. 

1 

Yield ! o 2 

ai.To. 1 3 u3 

Value of 
Out- 
luni. 

Fresh 

Italian. 

Farmyard 

10 tons 

in lbs. 

1,803 

j 

in Ibs.'Rs. a. ]). Rs a. p. 

13,300 25 0 0 47.5 .5 1 

Fresh 

Italian. i 

1 Farmyard plus 
j 1 Ammonium. 
Sulphate 

j SSuperphosphiitc . . 
j Sulphate of 
\ Potash 

10 tons 

1 1 cwt. 

•2 cwt. 

1 cwt. 

» 

' 1,821 

13,270.53 11 0 474 2 0 

i 

1 

1 

Fresh 

Italian. 

/ Ammonium Sul- 
phate 

1 Superphosphate . . 
j 1 SulphateofPotash 

1 

1 

1 *2 cwt. 

4 cwt. 

. 2 cwt. 

2,130 

• 

15.204i27 13 0 

.545 2 0 


The land w’as rich in humus having been cultivated 
for the potato crop for several years*. 

38 
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This experiment is on the right lines and can be 
compared with the following inaiuirial experiment 
made : — 

Sandy Loam I\)or Soil. 


Maiiums i»er acre in ll>s. Harvest per acre 

hushels. 


Uiot. 

i 5 ^ A 

1 'L 1 5 -e 

: >. , ^ >3 a, 

I o ' 

Supor- 

phob- 

phate. 

Sulphate 

Potash. 

1 

Large. Small. 

Total. 

1. Un manured.. 

' .. ; .. 



00 

55 

145 


* : 158 

440 


100 

08 

108 


j 

1 158 .. 

.. 


86 

58 

180 

4. 

! .. 108 

.. 

168 

‘2:U 

48 

•271 

6, 

.. 

UO 

168 ■ 

•248 

45 

208 

(). 

1 

! ; 158 

410 

' 158 

-78 

71 ' 

840 


Wo have this further proved in the issue of 
the Agricultural (lazette of New South Wales dated 
Fehruary 1911. 

Potatucfi at Grafton Experiment Farm . — Tliis last 
season some excellent results w^ere obtained at Crafton 
Experiment Kami with potatoes grown partly to test 
the comparative value of certain classes of manures and 
partly as a coimiiercial crop. Prom an area of G.l acres 
hi I bags were harvested, tlie total weight of potatoes 
being o() tons h cwt. Of these 5:14 bags were sold, tin* 
prices obtained ranging from X'8 10s. to i'll lOs. per 
ton and totalling 1'4*2*2 18s, lOd. net cash. The value 
of 20 bags kept for seed may be taken as 4;Td, and 10 
bags of small potatoes left are worth .1*1 10s, This 
gives a total return of 4*437 IBs. lOd. and the actua^ 
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profits allowing for rent, work out at just about 
per acre. 

The variety grown was Adirondack, and the seed 
was obtained from Mr. J. K. Bennet, near Hombala. 

Portion of the area was covered by 54 plots each 
1/40 acre in extent, devoted to the besting of various 
combinations of ferbili/ers. This area, 1 i7/‘i0 acres, 
returned 15 tons Id cwt. ‘20 ib. of potatoes or li tons 
14 cwt. 105 lb. per acre. Tlie soil is rich in alluvial 
scrub land — some of the best on the farm — of good 
depth, and possessing fair natural drainage. The 
manures vvei-e mixed with a little more than their own 
bulk of dry sand to ensure as (wen a distribution as 
possible and sown broadcast some days in advance of 
planting. The potatoes were ploughed in. Of 
54 little plots the highest yield was obtained from that 
whicli received a dressing of 240 lb. dried blood, 300 lb. 
bonedust, and 132 Ib. chloride of potash per acre. This 
plot gave 7 cwt. lb. of potatoes, or 1) tons IS cwt. 
24 lb. per acre. Anotlnu’ plot, dres.scd with bonedust 
alone, at the rate of 2 cwt. per acre gave L I tons <S cwt. 
104 11). per afu’e. Other combi nati(jns whicjh gave 
excellent results W(*re : — 

» 

] cwt. Sulpliate of Ammonia, and 2 cwt. superplios- 
phat(^. 

I cwt. Snlpliate of Ammonia, and I cwt. bonedust. 
.] cwt. Sulphate of Ammonia, 2 cwt. supei'phosphah* 
and .} cwt. sulphate of ])otash. ' 

240 II). dried blood, 300 lb. supei’phosphatci and 1.32 
lb. cliloride of potash 

.] cwt. Nitrate of Soda, J cwt. chloride of pota.sli. 

.] cwt. Sulphate of Ammonia and 2 cwt. bonedust. 
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All of these yielded over 13 tons per acre. The 
results are not regarded by the department as decisive 
as to the value of any particuler manure or combination, 
but they certainly show the advantage of using fertilizers 
for potatoes even on rich soils.” 

According to Dr. Claussen, it is not merely the value 
of the plant food that requires consideration : his experi- 
ments tend to prove the tonic properties of such fertil- 
izers as superphosphate and basic slag, which accelerate 
sprouting, push on the growth of the young plants, 
strengthen them during the course of their life, increase 
the harvest and hasten maturity. 

It IS painful to lind that it has taken so great a length 
of time for the Dombay Department of Agriculture to 
begin with experiments long carried on in oth(U‘ countries 
and proved excellent. 

There is not much use in spending years to endeav- 
our to stop rot if the old method of manuring, most pro- 
bably one of tlu! contributory causes, is continued. 

It is so simple to see vvhat has been done in tht* 
shape of manuring by other countries, and to follow that 
as a stai’ting pohit. Having learnt that complete 
manures are most successful in obtaining bumper crops 
that will keep, variations may be tried in the constituents 
of a complet(' fertilizer, till experience shows the best 
balanced and cheapest manure, which will return the 
most paying crop. 

In conclusion we should like to hear from Indian 
farmers what they have to say concerning the “ Lunar 
Superstition and Potatoes” whilst giving the decision 
of the United States Department of Agriculture on the 



subject. Enquiries about the so-callcd Lunar Supersti- 
tion and Bamboos proved the Indian correct as to the 
time for cutting these and the ' Superstition ’ resolved 
itself into ‘ experience ’ of fact for which the farmers 
(and Agricultural Scientists) had no ready explanation. 

Lunar Superstitions. 

“ After exhaustive experiments in Potato planting, 
the Unitcui States Department of Agriculturt; has to say 
that, in season, one time is as good as another to put 
potatoes in the ground. 

Almost everyone^ even if he w(u-(' not reared in the 
country, has heard of the idea about planting potatoes 
in the dark of the moon. Th<' held workers of the 
])epartment of Agriculture have been investigating the 
matter, and have found that seventy-hv(‘ peu* cent, of 
the farmers of this alleged enlightened country put in 
their crops and do a good many other things about the 
farm, governed Siolely’by the moon’s phases. Many 
farmers will tell you that if you plant potatoes in the 
dark of the moon they will run to tubers, and if in the 
light of the moon they will run to tops, and crops are 
planted accoi’dingly. 

» 

Ther(j is usually a basis in fact for any superstition 
so deeply rooted, and a number of expeils from the De- 
partment of Agriculture, while going up and down and 
across the land, have made it their business to study th(i 
question and see whether there might not ho a germ of 
truth, or, at least, some reason for the general belief that 
the moon’s phases have an effect on animal and vegeta- 
ble life. They have concluded after patient investigation 
that the moon myth is one of the comparatively few 
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myths that date back to pure savagery, and has not an 
atom of scientific foundation on which to stand. The 
Agricultural Experiment Stations all over the country 
have been defying the superstition for several years and 
raising just as good crops when the moon was one way 
as when it was tlie other. Therefore, once and for all, 
it has been conclusively decided that there is nothing in 
the theory that potatoes should be plantc^d in the dark 
of the moon. 

All this might not seem very serious investigation 
for a great (lovernment to undertakt), but the work 
nevertheless has been interesting to scientists, and if 
tliey have succeeded in weaning a few from the old 
superstition about planting potatoes in the dark of tlu' 
moon, they have been well paid for tlmir work.’' 



ONIONS. 


'Fo tlio (question on what soils onions may hi', j^rown, 
the reply is tliat any soil will ilo ; but a rich sandy loam 
is by fai’ the best. This should be kept as rree as ])ossi- 
bl(i from weeds and manured with well-rotted covvdung. 
Care must be take?i, however, that onions are not planted 
shortly after a heavy manuring with farmyard manun* 
that is not wtdl i-otted, or onion maggot may do lu'avy 
damage to the crop. The land must be plouglu'd early 
to allow of a thoivnigh aeration of the soil and tlu^ culti- 
vation must b(‘ thorough, if a bumper crop is c.xpectcul. 
The previous crop should, if possil)le, b(' one that frc'os 
the land from weeds. 

When there is not a sutlticjency of cattle manure, or 
the manure is not .;^e11 lotted, and especially where weeds 
lessen tlu^ out-turn considerably, it is wise to lessen 
the farniyai’d manure and leplace the amount wanting 
by commercial fertilizers. 

Where a large trade is earned oi^ in onions, cultiva- 
tors find it best to sow the seed in beds and [ilint them 
out later in the field, as the onion can be transplanted as 
easily as garden plants. The better seedlings (tan 

be chosen with every promises of a better crop, and as 

• ^ 

weeding will not cause much e.xpense, the onions are 
raised at a cheapen* rate. This has been found by practi- 
cal experience, especially in America. A weeding hoe 
costing from lis. 1*2 to Ks. 30 will be found of great 
use, as its knives run on each side of the row and clean 
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out all the weeds except those directly in the row with 
the onions. 

The various (loverniiient and Demonstration Farms 
have endeavoured to grow onions as an object lesson to 
the Indian raiyat. In the Annual Report fi-oin Lyallpur 
for lU02-d, the land was manured with 20 cart-loads of 
house sweepings per acre. On what basis the quality and 
the quantity of manure were fixed we cannot ascertain, 
nor what conclusion was arrived at from the experiment, 
nor can we determine what advantage was to be gained in 
the trial of the two varieties, as the produce reached the 
figures of only and 7,872 lbs. respectively per acre. 

At the Manjri Farm near Poona, a good crop was ob- 
tained; but as the fertilizer used was 1,116,750 gallons 
of elHuent from a septic tank, between 20th October 
1902 and 1st April 1908, what the peasant could learn 
from the experiment, except that the crop amounted to 
81,607 lbs. must be left to the imagination. 

I 

Two very interesting experiments are to be found 
in the Annual Report of the .Surat farms, for the years 
1901 to L908. The first states that 34 gunthas manured 
w’ith 400 lbs. of saffiower cake produced 36,285 lbs. of 
onions worth Rs. ^:^02-6-0, when prices were very low. 
How the land had been manured for the previous crop 
vjf white gourds is not stated. Nor do we know the 
nature of the soil, but if it represented the average gar- 
den of the district, there is no doubt that the return 
was magnificent for the very slight fertilizing allowed. 
In such a case it certainly was an object' lesson to the 
farmer well worth following, and, in any case, it points 
the right direction m not using cattle manure for the 
onion crop itself, but* for one raised previously, and in 
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adding a certain amount of artificiali^; just before the 
seedlings are transplanted. 

The other experiment was made with two indigenoiiN 
and two Knglish varieties. We have no record of the 
manures used or of the time of application. The harvests 
are far from big, hut the stitennmt shows that the in- 
digenous crops were better than tlian the exotics. 


Siir:it Kad 
Tluuia Whito 
Yellow (t1oI)c 
hito . , , • 


Ln- 

inanuL-cd 
1-2:143 135 

15200 1()28(» 


E:iriny!ird | Pond ret L j 

13371 15SiS 

1324.) j 17000 

12571 13714 

0714 ! 12S57 


We learn again the great value of a small amount 
of a concentrated hu'tilizer lik(i castor cake, which in 
one case (juite erpialled the return from farinyard 
manure and greatly surpassed it in anotlnu*. An impor- 
tant lesson is also learnt as to the use which can be 
made of waste products from Municipalities. If ever 

we find the definition of dirt verified, we have it in 

• ^ 

this case, for human excreta must be pronounced a very 
good thing in the right place and a source of profit, 
while the health of whole cities is endan go rod hy ill- 
managed Municipalities which do not use means to 
prevent its accumulation in wrong ])lac<‘s. 

The iis(‘ of human excreta for edible plants also 
<^pens out a question worth einpiiry. Jfeger says “ Plants 
thrive best on the excreta of the animals tJiat live upon 
them.” It would r(*pay careful experiments on various 
food crops. 

According to the Dharwar Farm lieport for the 
year 190r)-7 ‘'the onion crop, though very hardy as an 
irrigated crop, is a very delicate crop when grown with- 
out irrigation.” Still an atiempf was made to grow 



onions in the Khai;if season, and the ^neld per acre was 
(with a mixed crop) 5,240 lbs. of onions and 100 lbs. of 
coriander, valued at ils. 0(5-13-10, against an expenditure 
under cost of cultivation of il.s. 15-12-5.' The exporimenl 
IS worth continuing, though it is more than probable 
the risks are known to the cultivator, which explains 
why he pi*efers to treat it as an irrigated crop in the rabi 
season, as is tin; cast' also in the Deccan and in Guzerat. 

That the Indian raiyat can grow as good a crop as 
any (loverninent Farm can produce is pretty clear 
from the “ (hop Kxperiments — Bombay Presidency." 
In 1804-5 in Khed (('hancan), lied Onions, (Khandi) 
were raised from 8. 9 seers of seed, ufi a mixed black 
soil held growing ordinarily bajri and onions in one year, 
followed by ground nuts in the second, (xround nut 
was grown first. Itfailed owing to heavy rain, and bajri 
was substituted for it, which also was a failure. The 
last crop was dressed with about ]7 carts per acre of 
ordinary manure and watered nine times from a well in 
the field. About 4 Guntha seed beds furnislied seedlings 
for an acre of field. A sample kept by the experimenter 
lost 11 per cent, in dryage in 18 days. This is allow^od 
for in the reported , out-turn. Season good and cultiva- 
tion excellent. Crop 85,022 lbs.” 

On similar land, which grew during the last three 
years, (1) ground nut, (2) sugarcane, (8) bajri followed by 
onions, the crop was 84,514 lbs. The field had been 
manured with about L4 carts per acre of farmyard 
manure,. and watered three times a month from a well 
and also by channel from a bunded stream, which failed 
in the hot weather. Tn these cases we have rich garden 
land, well manured, well tilled, and well watered. On 



lightei* soil where bajn and onions followed ground nut 
tlie produce was only 19,‘2*J8 1bs. though the crop was 
Jiianured with ‘28 carts per acre of ordinary manure, and 
irrigated four times a month. 

With all the farmyard manure obtainable gathei’ed 
for raising garden crops, it is easily intelligibb' that 
next to nothing remains for dry crops. Vet, with a care- 
ful attention to the needs of various plants and th(‘ use 
of oil cakes and commercial fertilizers, much of tlu' valu- 
able dung might be spared for tin; Kharif crops. It 
'.vill requii’e some years of careful deujonsti‘atio/i, liow- 
( vm*, befoi'o this veiy necessary reform is introduced. 

In the re})ort for 1908, on the results of the S(‘wag(^ 
fai’ijj, it is stated that a crop of 29,721) lbs. of onions j’e- 
movt^s fi'om the soil : 

o9 lbs. Nitrogen, 80 ibs. Phos. Acid, 118 11). Potash, 
'ro obtain this, the sewage farm supplied enough potash, 
more than six times the (piantity of phosphoric acid, and 
seven tijiies the requisite amount of nitrogen. 

This does not appear (juite in accordance with the 
dictates of modern scientific intensive farming. As tlie 
onion is one of the best paying garden crops, it is advisable 
to raise it with the greatest care and without any un- 
necessary waste. 

From the analysis of a good crop it is evident that 
the harvest dejjrives the .soil of a heavy amount of po- 
tash and it must he our aim to place on the fidld some- 
thing beyond the amount of potash taken up by the crop 
if we do not wish to deplete the land.- All may not be 
rendered available for the first y(^ar, which is all the 
greater reason for increasing tlie supply, the more so, as 
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a ^reat amount of what is not taken up in the crop is 
retaint', d by the soil. Though the phosphoric acid re- 
(luireiiieiit is small, it is astonishing how much more of 
this plant food ingredient is annually supplied by all 
good growers. 

The analysis given by the Department of Agricul- 
ture in India appears to exclude tdie leaves, and there- 
fore', to be out considerably in the statement as to the 
anioimt of plant foods removed from the soil. From 
Dr. E. Wolff’s tables, we find the common onion con- 
tains in every 1,000 lbs. of air-dried substance: — 

*J’7 lbs. of Nitrogen, l‘d lb. Phosphoric acid, lbs, 
of Potash and that d0,000 lbs. of onions rcjiiove from an 
acre 81 lbs. Nitrogen, 41 lbs. Phosphoric Acid, amP^V 
lb.s. Potash. 

4. B. Sannes in his pamphlet “The Little Practical 
Adviser on Kitchen Gardens ” analyses bulbs and leaves. 


and states 

the plant foods 

reniov,ed l)y a 

harvest of 

80,000 lbs., 

as follows : — 

• 



Nitrogen 

Plios. Acid 

Potash 

Bulbs 

80-4 

4;)-U 

:V2'5 

Leaves 

124-J 

i;>-0 

.HOT 

Total 

204'() 

(iO'O 

162*6 


It is remarkable that we find so much of the Nitro- 
gen and potash in the leaves, whilst the phosphoric acid 
is to be found to the extent of 75 per cent, in the bulbs. 
The impbrtance of potash and its manurial value is evi- 
dent from the above analysis, and practical experiments 
in the field prove tliis only too clearly. 

As usual with root c»*ops, though the analysis of the 
harvest does not show very much phosphoric acid 
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pi’eseiit in the out-turn, a large amount ol* phospliatic 
manure is considered necessary by farmers. 'Die nitro- 
gen and potash are supplied in miinures and fertilizers 
according to tlie analysis shown by the crop, hul. the 
phosphoric acid must he present far in (excess of what, 
to judge by the analysis of the harvest, th(^ crop actually 
demands. 

The calculations of the plant-foods reniovc'd differ 
considerably. In this case it is advisable^ to supply, at 
first, consideralily more food than the plants require for 
a bumper crop, and by degrees lessen the amounts, cliang- 
ing one of the constituents of the manure, at a time, till 
the best paying combination is ascertained. 

Naturally, much depends upon the soiirc(‘ of nitrogem 
as a manure. Well-i'otted stable* manures do(‘s not give* 
up all its constituents in the first or (Won in the second 
year, and it would, in eainsecpience, be unwise^ to restrict 
ourselves to the <^upply the analysis shows. Besides, 
much of the nitrogen which is not taken up hv the plant 
is lost in the drainage : but as large suppli(*s of cattle 
matiiire, when not thoroughly rutteal, bring about the; 
ravages of <mion maggot, it is advisable not to supply all 
the nitrogen from tiiis source, but to add morc^ chan a 
sufficiency by the use of other nitrogenous fertilizers. As 
in many other instances, we know from analysis and from 
experience that farmyard manure, tliough a complete 
fertilizer, is not well balanced for this spi^cial c,rop, and 
therefore advise a smaller quantity of such supplies and 
an addition of the necessary ingredients for a well-bal- 
anced complete plant food in the shape of artificial fertili- 
zers, or there will be a great waste of nitrogen and, 
perha^ps, no trifling deficiency in potash. In order that 



trials may be started and continued for some time on a 
stnall scale till experience has taught the farmer to place 
complete relianceon commercial fertilizers, or a mixture 
of these with cattle manure, we give below a few ex- 
amph's of experiments carried out in other parts of the 
world. To begin with, let us take trials made by Kng- 
lish farmers onas small a scale as a perch or pole, namely, 
i -io of an acre or square yards, or roughly, plots (5 
by 5 yards. 

At South wick, Wilts, in 190*2, on a clay soil, 

Mamu*e per perch Yield per acre 

1. No Manure 5 pecks 

*2. Dung 1 cwt. and Superphosphate H lbs. 7 pecks 
d. Dung 1 cwt. superphosphate H lbs. 

plus sulpliate of potash 2 lbs. T2 pecks 

At Darsham, Suffolk, Mr. George Sudbrooks jnanure<i 
two perch plots with stable dung in the autumn of 1902 
and later on used artificials on one of, .the plots. The crop 
i n 1902 was 

Manure per peck Yield per perch 

Dung only fi pecks 

Dung, Superphosphate d lbs. plus 

Sulpliate of'E^otash l.y lbs. 8.] ,, 

and in a notti of tlie report he adds ; — “ The tops of tlie 
onions not dressed with chemicals mildewed during the 
latter part of the season, when the tops on the chemically 
manured^ plots wer(‘ green. The onions on the latter 
plot continued growing for a longer period, and when 
harvested there were no picklers. ” 

That a fair crop can be obtained without the use Of 
cattle dung is evidenced by the results of experiments 



carried out on the Hadlovv Kxperiinent Farm witli win- 
ter onions : — 

Manures per acre Yield per acre 

Nitrate ot soda 4 cwt. j 
Superphosphate h cwt. 1) tons 2 cwt. 

Sulphate ol potash 1 cwt. I 

In such a case it does not pay to leave out one ot 
the principal plant- foods either as a matter of ec^onoiuv, 
or because the soil is considered rich enough in that 
particular food ingredient. On a plot adjoining the one 
above, the harvest was : — 

Manun* pei' acre ^'i(‘ld per aci*t‘ 

d'ons (jvvt. 

Nitrate', of Soda 4 cwt. ' 

Superphosphate cwt. i lid 


Lt is ])retty evident from the resulting crop that tlie 
soil needed potash in an available form, or tiui imuc' 
addition of 1 ewt.^of Sulphate of [)otash, wliich is less 
than is taken by a heavy crop, would not have made 
St) great a difference in the harvests. When catth* dung 
alone was used on this farm, 12 tons of the manure pro- 
duced 7 toils of onions, while 2o tons increased the 
returns by 1 ton 1.1 cwt. only. 

Jlut, where commtu’cial fertilizers wert; list'd with 
cattle dung. 


Average for 4 yeai> 


12.} tons dung, plus 
4 cwt. Nitrate of soda, 

(3 cwt. Superphosphate, 

1 cwt. Sulphate of potash. 


; Produced lo tons d cwt. 
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It is seldom that the raiyat attempts to grow so 
costly a cropas onions without manuring thepreviouscrop. 

Even when a fair allowance of well-rotted cattle 
jiianiuvi has been applied to the previous crop, the addition 
of commercial fco tilizers will repay the farmer, and. when 
these render the plant-food complet(^ and well balanced, 
they often double the harvest, as we find in an experi- 
ment at Caine, Wilts, where Mr. Gr. Smart made an ex- 
periment on loamy soil. No manure was applied for the 
onion crop, but the previous crop had been treated with 
dung, with the, .following results: — 

Per acre 

1. No further manure 12,1()0 lbs. 

2. Saine as the above, pins | 

ibiO lbs. Nitrate of Soda, plus , 17,(300 

d*20 lbs. Basic Slag. 1 

d. As No. 2 i>lus 210 lbs. Sulpliate 24,000 
of potasli 

r 

In a report of the manurial ex\3eriments of Karl 
Broekiiig’s Market (larden in V^orhalla a Kuhr, the 
chief gardener, M. Hoethgens, records a trial on a small 
plot, the result of which, translated into an acre harve.st, 
ought to induce the Indian cultivator to start upon simi- 
lar trials. He says : — “ In order to ascertain the working 
'd' artificial fertilizers on onions, I chose two plots, each 
10 square metres (roughly 12 sq. yards) in size and 
manured them alike with cattle dung. Besides this, one 
received artificial fertilizers at the following rate per acre, 
Basic Slag 4 cwt., 40 per cent. Potash Salt 1.] cwt. and 
Chilisaltpetre (Nitrate of Soda) 1 cwt. 

The plot treated with the addition of artificial fertili- 
zers showed a denser' and more luxuriant growth, while 
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on that treated with cattle dung alone, the little onion 
shoots were very backward owing to the hot weather, 
and the greater part of them became yellow. At the same 
time those in the plot on which artificial fertilizers were 
used grew strong and were able to resist the drawbacks 
of the weather. 

From the plot treated with artificial fertilizers T 
obtained onions that sold for Rs. 4-8 against Rs. 1-13 from 
that manured with cattle dung only. 

This works out lor the acre Rs. 7‘20 as the value of 
the onions obtained from cattle manure and Rs. 1,800 as 
the price of that where fertilizers were added. 

It seems scarcely necessary to add Jinything to the 
foregoing by way of showing the benefits to he derived 
from a well-balanced complete fertilizer. 

But there is a further advantage to be derived from 
the addition of a complete manure to the 8 or 10 tons of 
well-rotted cattle duog.^ 

To prevent harm done by onion maggots, market 
gardeners frecjuently use Bordeaux mixture, etc., sprink- 
led on the plants and lime, strong doses of licjuid manunis, 
etc., to destroy the young maggots by the caustic action 
of the materials used. 

J. B. Sannes, the well-known Horticulturist of 
Aerschot, accordingly tried various fertilizers as both 
insecticides and manuring agents and drew the following 
conclusions : — 

1. Without manure the crop was totally destroyed. 

2. Using 10^ lbs. of Nitrate of Soda, the harvest 
per acre (about 120 square yards) was 670 lbs. but very 
many plants were destroyed. 

39 



»S. With 10 J lbs. Nitrate of Soda, 18.^ lbs. of super- 
phosphate, 800 lbs. resulted : but in this plot also many 
of the plants were ruined. 

4. By adding 10^ lbs. Sulphate of potash to the 
above manure, the onion maggots were so destroyed 
that only a few plants suffered and the harve.st was 
1,840 lb. 

So that the complete manure containing potash 
acted in two ways, destroying the principal enemy of 
the crop and considerably increasing the returns. To 
this may be added the remark of M. Tj. ‘ Abbe Vander 
Schiuireii of Alost that onions raised with the aid of com- 
mercial fertili/ers a.r(‘ more easily preserved and less 
liable to sprout in keeping. 

In a land where cattle dung is so poor and so 
scal•et^ it is good to bring to th(‘ noti(‘(.* of th(' farmer 
oth(U‘ fertilizers, which may enable him to spare some of 
his farmyard manure tor the much'* ijeglected land that 
bears dry crops, and at the same time increase his harvest 
and the monetary returns fro!u it. 

We therefore suggest trials on a small scale with oil- 
cake m well as other fertilizers as an addition to the 
cattle manure and w'hen these pay by returning an in- 
creased and healthy crop, to attein))t field e\i)eriments, 
till, in course of time, no raiyat will thi?ik of raising a 
heavy crop only to let the land lie tallow for a long time, 
or to starve the other fields for the sake of a bumper 
garden crop. 

We‘ have seen that excellent crops of onions can be 
and are grown in India and that when manure is not 
used it is scarcely du€ to ignorance, but generally results 



Irom want of means. We know also that a farmer who 
obtains the necessary money spends it as a rule on 
Tnanures for his warden crops. 

These few pages are not meant to teach th(' farmer 
anything of tillage in which there is little worth knowing 
that he is not aware of : but onr aim has been to show 
the raiyat that there are many other fertilizers that can 
be addtul to a smaller supply of cattle dung than is now 
used, in order to produce as good crops as he is accustom- 
ed to and m()r(' paying ones, thus enabling him to sav(' 
from gradual depletion the lands nnder dry crops, 'riiesc? 
last if treated annually with a few tons ef cattle manure 
per acre saved from the garden crops, would give afar 
better return and rc'scue the farmer from much of the 
misery and debt in whicli he finds liimstdf hop(d('ssly 
sunk. 

We pi'(*sume the day is not far distant when co- 
operativ’e loan hanks will b(' scatt('re(l over tlui country 
and tile possibility oj' obtaining im)n(\\ at rc'asojiabli' rat(‘s 
will raise tlio Indian ])easant from his state of a]Mithy and 
despair, to a hard-working and (‘ntcu’prising farmer, as 
has been tlu' case during the last thirty years amongst 
the most povcirty-strickcm and d(d)ased cultivators of 
many pai ts of Kurope, who were in (jes])air till the Land 
Banks lemoved tliem from the clutches of that present 
necessary evil, th(^ money-lender. 
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